PRELIMINARY DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD45128441, 45128841, 45128163

128M-bit Synchronous DRAM
4-bank, LVTTL

Description
The uPD45128441, 45128841, 45128163 are high-speed 134,217,728-bit synchronous dynamic random-access
memories, organized as 8,388,608 x 4 x 4, 4,194,304 x 8 x 4, 2,097,152 x 16 x 4 (word x bit x bank), respectively.
The synchronous DRAMSs achieved high-speed data transfer using the pipeline architecture.
All inputs and outputs are synchronized with the positive edge of the clock.
The synchronous DRAMSs are compatible with Low Voltage TTL (LVTTL).
These products are packaged in 54-pin TSOP (l1).

Features

* Fully Synchronous Dynamic RAM, with all signals referenced to a positive clock edge
* Pulsed interface

* Possible to assert random column address in every cycle

* Quad internal banks controlled by A12 and A13 (Bank Select)

* Byte control (x16) by LDQM and UDQM

» Programmable Wrap sequence (Sequential / Interleave)

» Programmable burst length (1, 2, 4, 8 and full page)

» Programmable /CAS latency (2 and 3)

» Automatic precharge and controlled precharge

* CBR (Auto) refresh and self refresh

» x4, x8, x16 organization

* Single 3.3V £ 0.3 V power supply

* LVTTL compatible inputs and outputs

4,096 refresh cycles / 64 ms

« Burst termination by Burst stop command and Precharge command

The information in this document is subject to change without notice.

Document No. M12650EJ5V0DS00 (5th edition) The mark * shows major revised points.
Date Published July 1998 NS CP (K)
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NEC uPD45128441, 45128841, 45128163

Ordering Information

e | ke
(PD45128441G5-A80-9JF 8M x4 x4 125 54-pin Plastic TSOP (11
(PD45128441G5-A10-9JF 100 (400 mil)
PD45128441G5-A10B-9JF 100
1PD45128841G5-A80-9JF AMx 8 x4 125
1PD45128841G5-A10-9JF 100
(IPD45128841G5-A10B-9JF 100
1PD45128163G5-A80-9JF 2M x 16 x 4 125
1PD45128163G5-A10-9JF 100
1PD45128163G5-A10B-9JF 100
(IPD45128441G5-A80L-9JF 8M x4 x4 125
LPD45128441G5-A10L-9JF 100
(IPD45128441G5-A10BL-9JF 100
LPD45128841G5-A80L-9JF AM x 8 x 4 125
1PD45128841G5-A10L-9JF 100
1PD45128841G5-A10BL-9JF 100
(PD45128163G5-A80L-9JF 2M x 16 x 4 125
LPD45128163G5-A10L-9JF 100
(IPD45128163G5-A10BL-9JF 100
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NEC uPD45128441, 45128841, 45128163

Part Number

[ X4, X8 ]
HPD45128841G5 - ABOL

NEC Memory J

Low power

Synchronous DRAM

Memory density

128 : 128M bits Minimum cycle time
80 :8ns (125 MHz)
10 :10ns (100 MHz)
10B : 10 ns (100 MHz)

Organization

Number of banks

4 : 4 banks
Interface Low voltage
1:LVTTL A:33V03V
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: Package
|

[ xX16 ] 163 G5 : TSOP ()

Organization

16 : x16

Number of banks
and Interface

3: 4 banks, LVTTL
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NEC uPD45128441, 45128841, 45128163

Pin Configurations
Ixxx indicates active low signal.

[ uPD45128441 ]
54-pin Plastic TSOP (Il) (400 mil)
8M words x 4 bits x 4 banks

\_/
Vece O——1 54 —-COVss
NC O—2 53F—ONC
VeeQ O—13 52 ——OVssQ
NC O—4 51 —ONC
DQO O=~—=|5 50 ~—=0ODQ3
VssQ O—16 49 ——OVceQ
NC O—7 48 —ONC
NC O—8 47——ONC
VecQ O—9 46 —OVssQ
NC O——- 10 45 —ONC
DQ1 O=—-={11 44 |«—>0ODQ2
VssQ O—— 12 43 ——OVceeQ
NC O—13 42 —ONC
Vec O— 14 41 F——-OVss
NC O—15 40—ONC
IWE O—>| 16 39 [«——ODQM
ICAS O—| 17 38 «—OCLK
IRAS O——| 18 37 «=—OCKE
ICS O——| 19 36 —ONC
A13 O——{ 20 3/ ~—O0AlLl
Al2 0— {21 34l 0OA9
Al10 O— {22 3B« (OA8
A0 O— ] 23 32— 0A7
Al O——~24 )i E—y i}
A2 O——]25 30 |«—OA5
A3 O——| 26 29l«—0OA4
Vee O—— 27 28— (OVss
AO to A13"°*® : Address inputs
DQO to DQ3 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/RAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vcc : Supply voltage
Vss : Ground
VceQ : Supply voltage for DQ Note AOto All : Row address inputs
VssQ : Ground for DQ A0 to A9, A1l : Column address inputs
NC : No connection Al2, A13 : Bank select
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uPD45128441, 45128841, 45128163

A0 to A13 N
DQO to DQ7
CLK

CKE

ICS

/IRAS

ICAS

/WE

DQM

Vcc

Vss

VeeQ

VssQ

NC

: Supply voltage for DQ

[ uPD45128841 ]
54-pin Plastic TSOP (Il) (400 mil)
4M words x 8 bits x 4 banks

—/

Vee O—1 54 —OVss
DQO O=—=|2 53 =—ODQ7
VecQ O—13 52 ——COVssQ

NC O—4 51F——ONC
DQ1 O=—=|5 50 «=—=ODQ6
VssQ O—— 6 49 ——OVeeQ

NC O—7 48 —ONC
DQ2 O~—=|8 47 +——=0ODQ5
VeeQ O—19 46 F——C0OVssQ

NC O—— 10 45 ——-CONC
DQ3 O=—=11 44 «—=ODQ4
VssQ O—12 43 ——COVceQ

NC O—13 42 ——CONC

Vec O—1 14 41 —COVss

NC O—15 40 ——CONC
IWE O—>| 16 39 «~—ODQM
/ICAS O—= 17 38 [«—OCLK
/RAS O—= 18 37 =—OCKE

/CS O—{ 19 36 —ONC
A13 O— 20 35 [«~—0OA11
Al2 O0——| 21 34 |«—0A9
A1l0 O—| 22 33} ——0OA8

A0 O—] 23 32 l«——0OA7

AlO— 24 31|« A6

A2 O— 25 30 l«—0OA5

A3 O— ] 26 29|« OA4

Vee O——— 27 28——OVss

Address inputs

: Data inputs / outputs

: Clock input

: Clock enable

: Chip select

: Row address strobe

: Column address strobe
: Write enable

: DQ mask enable

: Supply voltage

: Ground

Note AO to All : Row address inputs
AO to A9

: Ground for DQ
: No connection

: Column address inputs
Al12, A13 : Bank select
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NEC uPD45128441, 45128841, 45128163

[ uPD45128163 ]
54-pin Plastic TSOP (Il) (400 mil)
2M words x 16 bits x 4 banks

—/
Vece O—1 54 —COVss
DQO0 O=——|2 53 «~—=0ODQ15
VocQ O——3 52 ——OVssQ
DQ1 O=—+{4 51 «+—=0ODQ14
DQ2 O=——|5 50 =—>=ODQ13
VssQ O——16 49 ——0OVceQ
DQ3 O=——+|7 48 [«—0ODQ12
DQ4 O-~—|8 47 «~—=0ODQ11
VeeQ O——19 46 ——OVssQ
DQ5 O=——=| 10 45 |~—0ODQ10
DQ6 O~—=|11 44 |~—=0O DQ9
VssQ O—— 12 43 ——O VceQ
DQ7 O=—{13 42 ~—=0ODQ8
Vee O— 14 41 F—OVss
LDQM O——| 15 40 —ONC
/WE O——| 16 39 «—OUDQM
ICAS O— 17 38 «—OCLK
/IRAS O—| 18 37 |«~—OCKE
ICS O—— 19 36 —ONC
Al13 O——| 20 3B —0All
Al2 0— |21 34|« 0A9
A10 O— |22 33« 0OA8
A0 O— |23 32 l—0A7
Alo— {24 31l«—0A6
Vece O—— 27 28——0OVss
AO to A13"°"® : Address inputs
DQO to DQ15 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
LDQM : Lower DQ mask enable
ubDQM : Upper DQ mask enable
Vce : Supply voltage
Vss : Ground
VceQ : Supply voltage for DQ Note AO to A1l : Row address inputs
VssQ : Ground for DQ A0 to A8 : Column address inputs
NC : No connection Al12, A13 : Bank select
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NEC uPD45128441, 45128841, 45128163

Block Diagram

CLK O™ Clock
CKE O—» Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
Address Address .
L ~ Buffer 3
Mod . & g 3 ]
oae Refresh a Bank A
Register Counter = HH
, € ]
Yy %V I~
! ¢ »| Sense Amplifier -
o—» 2 —————O

ICs 3 o Cotumm »| Column Decoder & | boM

(8] D a o i i
RASO————» 8 8 > Address > Latch Circuit Yy

© 5 »| Buffer @ = E
ICASO———*>| & |5 & 3 =

S © Burst Data Control Circuit G ©
WE O———»| 8 Counter S 25 oe

I &S
- =
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uPD45128441, 45128841, 45128163

1. Input/ Output Pin Function

Pin name Input / Output Function

CLK Input CLK is the master clock input. Other inputs signals are referenced to the CLK rising
edge.

CKE Input CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising
edge is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal clock
is not issued and the pPD45128xxx suspends operation.

When the UPD45128xxx is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

ICS Input /CS low starts the command input cycle. When /CS is high, commands are ignored
but operations continue.

IRAS, ICAS, IWE Input /IRAS, ICAS and /WE have the same symbols on conventional DRAM but different
functions. For details, refer to the command table.

AO - A13 Input Row Address is determined by AO - A13 at the CLK (clock) rising edge in the active
command cycle. It does not depend on the bit organization.

Column Address is determined by AO - A9, A1l at the CLK rising edge in the read or
write command cycle. It depends on the bit organization : AO - A9, A1l for x4 device,
AO - A9 for x8 device, AO - A8 for x16 device.

A12 and A13 are the bank select signal (BS). In command cycle, A12 and A13 low
select bank A, A12 low and A13 high select bank B, A12 high and A13 low select bank
C and then A12 and A13 high select bank D.

A10 defines the precharge mode. When A10 is high in the precharge command cycle,
all banks are precharged; when A10 is low, only the bank selected by A12 and A13 is
precharged.

When A10 is high in read or write command cycle, the precharge starts automatically
after the burst access.

DQM, UDQM, Input DQM controls I/O buffers. In x16 products, UDQM and LDQM control upper byte and

LDQM lower byte 1/O buffers, respectively.

In read mode, DQM controls the output buffers like a conventional /OE pin.
DQM high and DQM low turn the output buffers off and on, respectively.
The DQM latency for the read is two clocks.
In write mode, DQM controls the word mask. Input data is written to the memory cell if
DQM is low but not if DQM is high.
The DQM latency for the write is zero.
DQO - DQ15 Input / Output DQ pins have the same function as I/O pins on a conventional DRAM.
Vee, Vss, VeeQ, (Power supply) Vec and Vss are power supply pins for internal circuits. VecQ and VssQ are power

VssQ

supply pins for the output buffers.

10
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2. Commands

Mode register set command

(/CS, IRAS, ICAS, /IWE = Low)

The pPD45128xxx has a mode register that defines how the device
operates. In this command, AO through A13 are the data input pins.
After power on, the mode register set command must be executed to
initialize the device.

The mode register can be set only when all banks are in idle state.

During 2 CLK (trsc) following this command, the pPD45128xxx cannot

accept any other commands.

Activate command

(ICS, IRAS = Low, /CAS, /WE = High)

The pPD45128xxx has four banks, each with 4,096 rows.

This command activates the bank selected by A12 and A13 (BS) and a
row address selected by A0 through A11.

This command corresponds to a conventional DRAM’s /RAS falling.

Precharge command

(ICS, IRAS, IWE = Low, /CAS = High)

This command begins precharge operation of the bank selected by
A12 and A13 (BS). When A10 is High, all banks are precharged,
regardless of A12 and A13. When A10 is Low, only the bank selected
by A12 and Al13 is precharged.

After this command, the uPD45128xxx can’t accept the activate
command to the precharging bank during tre (precharge to activate
command period).

This command corresponds to a conventional DRAM'’s /RAS rising.

Preliminary Data Sheet

Fig.1 Mode register set command

A12, A13 D
A0 D
Add 32

Fig.2 Row address strobe and
bank activate command

NS K K
&S

A12, A13 2D S
(Bank select)
Al10 XX

Add X9

Fig.3 Precharge command

CLK | | I | I

CKE "H

ICS \ /

£3RRK
LXIXKS

/RAS 5\
/CAS XXX/
IWE  Z555)

A12, A13 3 R
(Bank select)
AlD X9
(Precharge select)

Add
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NEC uPD45128441, 45128841, 45128163

Write command Fig.4 Column address and write

command

(/CS, ICAS, /IWE = Low, /RAS = High)

CLK
If the mode register is in the burst write mode, this command sets the CKE
burst start address given by the column address to begin the burst write ICS
operation. The first write data in burst mode can input with this IRAS
command with subsequent data on following clocks. ICAS
IWE
A12, A13

(Bank select)

Al10

SR TR
Add 5 R

Read command Fig.5 Column address and read
command

(ICS, ICAS = Low, /RAS, /WE = High)

CLK
Read data is available after /CAS latency requirements have been met. CKE
This command sets the burst start address given by the column ICS
address. /IRAS
ICAS
IWE 3285 NGRS
Al12, A13
(Bank select)
A0 D
Add
CBR (auto) refresh command Fig.6 Auto refresh command
(ICS, IRAS, ICAS = Low, /IWE, CKE = High) CLK
CKE
This command is a request to begin the CBR refresh operation. The ICS
refresh address is generated internally. IRAS
Before executing CBR refresh, all banks must be precharged. ICAS
After this cycle, all banks will be in the idle (precharged) state and WE T
XXX

ready for a row activate command.
i ) ) Al2, A13
During trc period (from refresh command to refresh or activate (Bank select)

S——
S0 000000 0090000905
ALD RIS

command), the uPD45128xxx cannot accept any other command.

TRITIIIIILIILIL.
XX KKK
Add KRN
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Self refresh entry command
(/CS, IRAS, /ICAS, CKE = Low, /WE = High)

After the command execution, self refresh operation continues while
CKE remains low. When CKE goes high, the uPD45128xxx exits the
self refresh mode.

During self refresh mode, refresh interval and refresh operation are

performed internally, so there is no need for external control.
Before executing self refresh, both banks must be precharged.

Burst stop command

(ICS, IWE = Low, /RAS, /CAS = High)

This command can stop the current burst operation.

No operation

(/CS = Low, /RAS, /CAS, IWE = High)

This command is not an execution command. No operations begin or

terminate by this command.

Preliminary Data Sheet

Fig.7 Self refresh entry command

CLK
CKE

Ics
IRAS
ICAS
IWE
AL2, Al3 SRR

(Bank select)

Al10

Add

Fig.8 Burst stop command in Full
Page Mode

CLK
CKE

/CS
/IRAS
ICAS
IWE
Al12, A13

(Bank select)

Al10

S—
19000900, 0.0 0 0 0 0 0.0, 0 9,90
Add RIS

%

Fig.9 No operation

CLK | | I | I

CKE H

/CS \ /

/IRAS

NGKKKKX
N

S e
XX XK
RS

ICAS

IWE
Al12, A13

(Bank select)

Al10

Add
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3. Simplified State Diagram

Self
Refresh

Mode MRS

Register
Set

CBR
Refresh

Active
Power
Down

READ
SUSPEND

WRITEA . READA
SUSPEND ) SUSPEND

POWER Precharge
ON

Precharge

—- AUtOMatic sequence

Manual input
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4. Truth Table
4.1 Command Truth Table

Function Symbol CKE /ICS IRAS ICAS IWE Al2, Al10 All,
n-1 n Al13 A9 - AO
Device deselect DESL H X H X X X x x x
No operation NOP H X L H H H X X X
Burst stop BST H X L H H L X X X
Read READ H X L H L H \% L \%
Read with auto precharge READA H X L H L H \% H Y
Write WRIT H X L H L L \% L \%
Write with auto precharge WRITA H X L H L L \% H Y
Bank activate ACT H X L L H H \% \Y \Y
Precharge select bank PRE H X L L H L \% L x
Precharge all banks PALL H X L L H L X H X
Mode register set MRS H X L L L L L L Y

Remark H =High level, L = Low level, x = High or Low level (Don't care), V = Valid data input

4.2 DQM Truth Table

Function Symbol CKE DQM

n-1 n U L

Data write / output enable ENB H X

Data mask / output disable MASK H x H

Upper byte write enable / output enable ENBU H X L X

Lower byte write enable / output enable ENBL H x X L

Upper byte write inhibit / output disable MASKU H X H X

Lower byte write inhibit / output disable MASKL H x X H

Remark H = High level, L = Low level, x = High or Low level (Don't care)

4.3 CKE Truth Table

Current state Function Symbol CKE ICS IRAS | ICAS /WE |Address
n-1 n

Activating Clock suspend mode entry H L x x x X x
Any Clock suspend mode L L X X X X X
Clock suspend Clock suspend mode exit L H x x X x x
Idle CBR refresh command REF H H L L L H X
Idle Self refresh entry SELF H L L L L H x
Self refresh Self refresh exit L H L H H H X

L H H x X x x
Idle Power down entry H L X X X X X
Power down Power down exit L H x x X x x

Remark H = High level, L = Low level, x = High or Low level (Don't care)
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Notel

4.4 Operative Command Table (2/3)
Current state /CS |/RAS|ICAS| /WE Address Command Action Notes

Idle H X x x X DESL Nop or power down 2
L H H X X NOP or BST Nop or power down 2
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L | BA, A10 PRE/PALL Nop
L L L H X REF/SELF Refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing

Row active H X X X X DESL Nop
L H H X X NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA | Begin write : Determine AP 5
L L H H BA, RA ACT ILLEGAL 3
L L H L | BA, A10 PRE/PALL Precharge 6
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL

Read H X X x X DESL Continue burst to end - Row active
L H H H x NOP Continue burst to end -~ Row active
L H H L X BST Burst stop » Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, start write : Determine AP | 7,8
L L H H | BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H | x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL

Write H X x x X DESL Continue burst to end - Write recovering
L H H H X NOP Continue burst to end - Write recovering
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP | 7,8
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, new write : Determine AP 7
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging 9
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
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(2/13)
Current state /CS |/IRAS|/CAS| /WE Address Command Action Notes
Read with auto H X X X X DESL Continue burst to end - Precharging
precharge L H H H x NOP Continue burst to end - Precharging
L H H L X BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H [ x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write with auto H x x x x DESL Continue burst to end — Write
precharge recovering with auto precharge
L H H H X NOP Continue burst to end - Write
recovering with auto precharge
L H H L | x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3
L L H L | BA, A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Precharging H X X X X DESL Nop - Enter idle after trp
L H H H X NOP Nop - Enter idle after tre
L H H L X BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Nop - Enter idle after trp
L L L H [ x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Row activating H X X X X DESL Nop - Enter bank active after treo
L H H H X NOP Nop - Enter bank active after treo
L H H L | x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3,10
L L H L | BA, A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Preliminary Data Sheet 17
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(3/3)
Current state /CS |/IRAS|/CAS| /WE Address Command Action Notes
Write recovering H X X X X DESL Nop - Enter row active after torL
L H H H X NOP Nop - Enter row active after tor.
L H H L X BST Nop - Enter row active after torL
L H L H BA, CA, A10 | READ/READA | Start read, Determine AP 8
L H L L BA, CA, A10 | WRIT/WRITA | New write, Determine AP
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H [ x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write recovering H x X x x DESL Nop - Enter precharge after tor.
with auto precharge L H H H X NOP Nop - Enter precharge after torL
L H H L X BST Nop - Enter precharge after tor.
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3,8
L H L L | BA, CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3
L L H L | BA, A10 PRE/PALL ILLEGAL
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Refreshing H X X X X DESL Nop - Enter idle after trc
L H H x x NOP/BST Nop - Enter idle after trc
L H L X X READ/WRIT ILLEGAL
L L H x | x ACT/PRE/PALL | ILLEGAL
L L L X X REF/SELF/MRS | ILLEGAL
Mode register H x X x x DESL Nop - Enter idle after trsc
accessing L H H H X NOP Nop - Enter idle after trsc
L H H L | x BST ILLEGAL
L H L X X READ/WRIT ILLEGAL
L L x x | x ACT/PRE/PALL/ | ILLEGAL
REF/SELFIMRS
Notes 1.  All entries assume that CKE was active (High level) during the preceding clock cycle.

2. Ifall banks are idle, and CKE is inactive (Low level), uPD45128xxx will enter Power down mode.

All input buffers except CKE will be disabled.
3. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA),
depending on the state of that bank.
4. If all banks are idle, and CKE is inactive (Low level), uPD45128xxx will enter Self refresh mode. All input
buffers except CKE will be disabled.

© ® N oo

lllegal if trep is not satisfied.

lllegal if tras is not satisfied.

Must satisfy burst interrupt condition.
Must satisfy bus contention, bus turn around, and/or write recovery requirements.
Must mask preceding data which don't satisfy topL.
10. lllegal if trro is not satisfied.

Remark H = High level, L = Low level, x = High or Low level (Don’t care), V = Valid data

18
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4.5 Command Truth Table for CKE

Current State CKE /CS |/IRAS|/CAS| /WE | Address Action Notes
n-1| n
Self refresh H X X X X X X INVALID, CLK (n — 1) would exit self refresh
L H H X x x X Self refresh recovery
L H L H H X X Self refresh recovery
L H L H L x | x ILLEGAL
L H L L X X X ILLEGAL
L L x x x x x Maintain self refresh
Self refresh recovery | H H H X X X X Idle after trc
H H L H H x x Idle after trc
H H L H L X X ILLEGAL
H H L L x x | x ILLEGAL
H L H X X X X ILLEGAL
H L L H H x | x ILLEGAL
H L L H L X X ILLEGAL
H L L L x x | x ILLEGAL
Power down H X X X X X INVALID, CLK (n — 1) would exit power down
L H x x x x | % EXIT power down - Idle
L L X X X X X Maintain power down mode
Both banks idle H H H X x x Refer to operations in Operative Command Table
H H L H X X Refer to operations in Operative Command Table
H H L L H x Refer to operations in Operative Command Table
H H L L L H X Refresh
H H L L L L Op-Code | Refer to operations in Operative Command Table
H L H X X X Refer to operations in Operative Command Table
H L L H x x Refer to operations in Operative Command Table
H L L L H X Refer to operations in Operative Command Table
H L L L L H x Self refresh 1
H L L L L L Op-Code | Refer to operations in Operative Command Table
L x x x x x | x Power down 1
Row active H X X X X X X Refer to operations in Operative Command Table
L x x x x x | x Power down 1
Any state other than H H X X X X Refer to operations in Operative Command Table
listed above H L x X x x X Begin clock suspend next cycle 2
L H X X X X X Exit clock suspend next cycle
L L x X x x X Maintain clock suspend

Notes 1. Self refresh can be entered only from the both banks idle state. Power down can be entered only from
both banks idle or row active state.
2. Must be legal command as defined in Operative Command Table.

Remark H = High level, L = Low level, x = High or Low level (Don't care)
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5. Initialization
The synchronous DRAM is initialized in the power-on sequence according to the following.
(1) To stabilize internal circuits, when power is applied, a 100 us or longer pause must precede any signal toggling.

(2) After the pause, both banks must be precharged using the Precharge command (The Precharge all banks

command is convenient).

(3) Once the precharge is completed and the minimum tre is satisfied, the mode register can be programmed.
After the mode register set cycle, trsc (2 CLK minimum) pause must be satisfied as well.

(4) Two or more CBR (Auto) refresh must be performed.

Remarks 1. The sequence of Mode register programming and Refresh above may be transposed.
2. CKE and DQM must be held high until the Precharge command is issued to ensure data-bus Hi-Z.
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A13 through A0 as data
inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options . Al3 through A7
ICAS latency : A6 through A4

Wrap type : A3

Burst length : A2 through AO

Following mode register programming, no command can be issued before at least 2 CLK have elapsed.

/CAS Latency

/CAS latency is the most critical of the parameters being set. It tells the device how many clocks must elapse
before the data will be available.

The value is determined by the frequency of the clock and the speed grade of the device. 13.3 Relationship
between Frequency and Latency shows the relationship of /CAS latency to the clock period and the speed grade of
the device.

Burst Length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read burst is
completed, the output bus will become Hi-Z.
The burst length is programmable as 1, 2, 4, 8 or full page.

Wrap Type (Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed. This order is programmable as either
“Sequential” or “Interleave”. The method chosen will depend on the type of CPU in the system.

Some microprocessor cache systems are optimized for sequential addressing and others for interleaved
addressing. 7.1 Burst Length and Sequence shows the addressing sequence for each burst length using them.

Both sequences support bursts of 1, 2, 4 and 8. Additionally, sequence supports the full page length.
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7. Mode Register

13 12 11 10 9 8 7 6 5 4 3 2 1 0

[oJofJoJolo o] 1] |  JEDEC Standard Test Set (refresh counter test)

13 12 11 10 9 8 7 6 5 4 3 2 1 0

| x | x | x| x] 1ol o] vmobE [wr] BL |  Burst Read and Single write
(for Write Through Cache)

13 12 1 10 9 8 7 6 5 4 3 2 1 0

I ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future

13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ x [ x [ x| x ]I x[ 1l 1] v]v]v]v]v]v]v] venderspecii

V = Valid
13 12 11 10 9 8 7 6 5 4 3 2 1 0 x = Don't care

o] oo o] o] | LtmoDE | wr | BL | Mode Register et

o
o

Bits2-0 WT =0
000
001
010

Burst length 011

100

101

110 R

111 Full page

s
—
a

;U;U;U:UOOLI\)HI

| W0 DN

Sequential
1 | Interleave

\
Bits6-4 | /CAS latency
000 R
001
010
Latency 011
mode 100
101
110
111

Wrap type

V|V |W|D|w[N D

Remark R : Reserved

Mode Register Write Timing

cLK L L
cke [

Ics —\_f
ras T\ S
ICAS —\_f

IWE —\_f

AQ - A13 X X
™

Mode Register Write
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7.1 Burst Length and Sequence

[ Burst of Two ]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address A0, binary) (decimal) (decimal)
0 0,1 0,1
1 1,0 1,0

[ Burst of Four ]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address Al - A0, binary) (decimal) (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,30 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0

[ Burst of Eight ]

Starting address
(column address A2 - A0, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3,4,5,6,7 0,1,23,4,56,7
001 1,2,3,4,56,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 2,048 (for 32M x4
device), 1,024 (for 16M x8 device), and 512 (for 8M x16 device).

Preliminary Data Sheet
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8. Address Bits of Bank-Select and Precharge

Row | A0 | A1 | A2 | A3 | aa | A5 | a6 | A7 | a8 | A9 |a10] A at2fais] [A12]AI13] Resuit

Select Bank A
(Activate command) “Activate” command
Select Bank B

0 1 “Activate” command
1 0 Select Bank C

“Activate” command
1 1 Select Bank D

“Activate” command

| ro [ AL| a2 | A3 | a4 as | a6 | A7 | a8 | Ao [ Al0] a11]ai2]ais]

(Precharge command) | | A10 | A12 | A13 | Result

0 0 0 Precharge Bank A

0 0 1 Precharge Bank B

0 1 0 Precharge Bank C

0 1 1 Precharge Bank D

1 X X Precharge All Banks

x : Don't care
0 disables Auto-Precharge

(End of Burst)
enables Auto-Precharge

co. [ Ao | a1 | a2 ] A3 | asa] as | ae | a7 ] as | Ao [awo] x [aiz]aiz] 1| (End of Burst)
(/CAS strobes)
Al2 | A13 Result
0 0 enables Read/Write
commands for Bank A
0 1 enables Read/Write
commands for Bank B
1 0 enables Read/Write
commands for Bank C
1 1 enables Read/Write
commands for Bank D
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9. Precharge

The precharge command can be issued anytime after tras (vin,) is satisfied.

Soon after the precharge command is issued, precharge operation performed and the synchronous DRAM enters
the idle state after trp is satisfied. The parameter tre is the time required to perform the precharge.

The earliest timing in a read cycle that a precharge command can be issued without losing any data in the burst is
as follows.

It is depending on the /CAS latency and clock cycle time.

Burst length=4

» JTo |_IT1 |_sz |_lT3 |_IT4 |_lT5 |_IT6 |_IT7 |_IT8 |_|

ICAS latency = 2

Commard

0 e XXX I

ICAS latency = 3 : : : : : : : : : :
Command ; ; ; ; ; ; ; ;

S > Y Y Y S

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL” must be satisfied. The
topL (viN.) specification defines the earliest time that a precharge command can be issued. Minimum number of clocks
is calculated by dividing torL (vin) with clock cycle time.

In summary, the precharge command can be issued relative to reference clock that indicates the last data word is
valid. In the following table, minus means clocks before the reference; plus means time after the reference.

/CAS latency Read Write
2 -1 +topL (MIN.)
3 -2 +toPL (MIN.)
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10. Auto Precharge

During a read or write command cycle, A10 controls whether auto precharge is selected. A10 high in the Read or
Write command (Read with Auto precharge command or Write with Auto precharge command), auto precharge is
selected and begins automatically.

The tras must be satisfied with a read with auto precharge or a write with auto precharge operation. In addition, the
next activate command to the bank being precharged cannot be executed until the precharge cycle ends.

In read cycle, once auto precharge has started, an activate command to the bank can be issued after tre has been
satisfied.

In write cycle, the tbaL must be satisfied to issue the next activate command to the bank being precharged.

The timing that begins the auto precharge cycle depends on both the /CAS latency programmed into the mode
register and whether read or write cycle.

10.1 Read with Auto Precharge

During a read cycle, the auto precharge begins one clock earlier (/CAS latency of 2) or two clocks earlier (/CAS

latency of 3) the last data word output.

Burst length = 4
TO T1 T2 T3 T4

L1

5 T6 T7 T8 T9

L L1

CLK

/CAS latency = 2

|
Auto precharge starts

L

|
|
|
|
|
|
Command | i
! | |
| ! i
! / \ | Hi-Z
DQ ! N QB1 >< QB2 >< QB3 >< QB4 ) r
| : : : : |
| | | | | |
| e
ICAS latency = 3 ! ! | | | |
| | |
Command } }Auto precharge starts ‘ !
| | | |
| | | |
| i-
/ \ Hi-Z
DQ | QB1 QB2 QB3 QB4
i \ | | | ] /
|
|
|
|
|

(tras must be satisfied)

Remark READA means Read with Auto precharge
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10.2 Write with Auto Precharge

During a write cycle, the auto precharge starts at the timing that is equal to the value of the torL (vin,) after the last
data word input to the device.

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK | |

|
1
|
ICAS latency = 2 !

| |
| |
| |
| |
| |
1 |
|
Command ! WRITA B

|

| |
|

Auto precharge starts

|
|
|
O [ Hi-Z
DQ bemeees < DB1 >< DB2 >< DB3 >< DB4 Ps L
| |
| | | | | |
| | | | | » |
} } } } } toPL(MIN.) }
| | | | | |
| | | | | |
| | | | | |
/CAS latency = 3 \ \ \ \ \ \
| | | |Auto precharge starts
Command ! WRITA B ! ! ! |
| ! | | |
| N Hi-Z
DQ kammens < DB1 >< DB2 >< DB3 >< DB4 Ve
l—»
topPL(MIN.)

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
L d
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

(tras must be satisfied)

Remark WRITA means Write with Auto Precharge

In summary, the auto precharge begins relative to a reference clock that indicates the last data word is valid.
In the table below, minus means clocks before the reference; plus means after the reference.

/CAS latency Read Write
2 -1 +topL (MIN.)
3 -2 +toPL (MIN.)
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11. Read / Write Command Interval
11.1 Read to Read Command Interval

During a read cycle, when new Read command is issued, it will be effective after /CAS latency, even if the previous
read operation does not completed. READ will be interrupted by another READ.

The interval between the commands is 1 cycle minimum. Each Read command can be issued in every clock
without any restriction.

Burst length = 4, /CAS latency = 2
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

ew _ | L L L L b b b

Command

Hi-Z

DQ

11.2 Write to Write Command Interval

During a write cycle, when a new Write command is issued, the previous burst will terminate and the new burst will
begin with a new Write command. WRITE will be interrupted by another WRITE.

The interval between the commands is minimum 1 cycle. Each Write command can be issued in every clock
without any restriction.

Burst length = 4, /CAS latency = 2

CLK |

| | |

| | |

| | |

I ! ‘

I ! ‘

| | |

| | |

| ! !

| | |

I ! ‘

| | |
! : \ | HiZ

DQ bemeees < DA1 >< DB1 >< DB2 >< DB3 >< DB4  D-----ert

|

|

|

|

|

|

|

|

|

|

|
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NEC

11.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.

Only the write data before Read command will be written.

The data bus must be Hi-Z at least one cycle prior to the first Dour.

=4

Burst length

T8

CLK

mmmmmmgmmme————

QB1 >< QB2 >< QB3 >< QB4 >-

2
3

Command
DQ

o]
c
£

o
E a
o

/CAS latency
/CAS latency

29
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11.4 Read to Write Command Interval

During a read cycle, READ can be interrupted by WRITE.
The Read and Write command interval is 1 cycle minimum. There is a restriction to avoid data conflict. The Data
bus must be Hi-Z using DQM before WRITE.

Burst length = 4

Command

poM | —\

READ can be interrupted by WRITE. DQM must be High at least 3 clocks prior to the Write command.

Burst length = 8

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
cw L LI LI L
| | | |
ICAS latency =2 | | | | i i | i i i
| I I !
— @D @D
DOM | 1 | A | ‘ N\ | 1
! ! ! ! i 1 ‘ 1 i 1
L L N I D
| | | / ----\ -----
oo e XX @ XXX
1 1 l | | | necessary | | |
| | : | | | | ‘ ‘ |
ICAS latency = 3 i ! ! ! | | i | | |
I I | I I
D @D
| | | L L ! | : ;
DM ‘ ‘ /" | A\ | :
NN
| | | |
DQ | | r : “ ----- b1 X b2 X b3
e P T D IR CD N C @
| | | | | |
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12. Burst Termination

There are two methods to terminate a burst operation other than using a Read or a Write command. One is the

burst stop command and the other is the precharge command.

12.1 Burst Stop Command

During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data bus
goes to Hi-Z after the /CAS latency from the burst stop command.

Burst length = X

TO T1 T2 T3 T4 T5 T6 T7
CLK L1 | L L1 | I I I

| | |

| | |
|

Command Read i

|
|
|
|
|

ICAS latency = 2
DQ

ICAS latency = 3
DQ

i S

Remark BST : Burst stop command

During a write cycle, when the burst stop command is issued, the burst write data are terminated and data bus goes
to Hi-Z at the same clock with the burst stop command.

Burst length = X

CLK [ L L1 |
| | |
| |

Command i i

| |
| |
| |
| |
| |
| |
|

ICAS latency = 2, 3

N T O O

Remark BST : Burst stop command
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12.2 Precharge Termination

12.2.1 Precharge Termination in READ Cycle

During a read cycle, the burst read operation is terminated by a precharge command.

When the precharge command is issued, the burst read operation is terminated and precharge starts.
The same bank can be activated again after tre from the precharge command.

To issue a precharge command, tras must be satisfied.

When /CAS latency is 2, the read data will remain valid until one clock after the precharge command.

Burst length = X, /CAS latency = 2

CLK

| |
| |
| |
Command | Read |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

DQ

(tras must be satisfied)

When /CAS latency is 3, the read data will remain valid until two clocks after the precharge command.

Burst length = X, /CAS latency = 3

CLK ! | ! | ! | ! | ! | ! | ! | ! | ! | !
oQ D D €D D

(tras must be satisfied)
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12.2.2 Precharge Termination in WRITE Cycle

During a write cycle, the burst write operation is terminated by a precharge command.

When the precharge command is issued, the burst write operation is terminated and precharge starts.
The same bank can be activated again after tre from the precharge command.

To issue a precharge command, tras must be satisfied.

When /CAS latency is 2, the write data written prior to the precharge command will be correctly stored. However,
invalid data may be written at the same clock as the precharge command. To prevent this from happening, DQM
must be high at the same clock as the precharge command. This will mask the invalid data.

Burst length = X, /CAS latency = 2
TO T1 T2 T3 T4 T5 T6 T7

CLK N S O
(G S S S S R/ | W —

| | | | N o |
DQ b1 X b2 X b3 X b4 X b5 > Lot e :

(tras must be satisfied)

When /CAS latency is 3, the write data written prior to the precharge command will be correctly stored. However,
invalid data may be written at the same clock as the precharge command. To prevent this from happening, DQM
must be high at the same clock as the precharge command. This will mask the invalid data.

Burst length = X, /CAS latency = 3
TO T1 T2 T3 T4 TS T6 T7 T8

CLK | T O I
oow L SN
S D €D €D D D T N N —

i | trp | i i

(tras must be satisfied)
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13. Electrical Specifications

 All voltages are referenced to Vss (GND).

« After power up, wait more than 100 us and then, execute Power on sequence and Auto Refresh  before proper
device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vee, VecQ -0.5t0 +4.6 \%
Voltage on any pin relative to GND V1 -0.5to +4.6 \%
Short circuit output current lo 50 mA
Power dissipation Po 1 w
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55to + 125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee, VecQ 3.0 3.3 3.6 Vv
High level input voltage Vin 2.0 Vee + 0.3 Y
Low level input voltage Vi -0.3 +0.8 Y
Operating ambient temperature Ta 0 70 °C

Pin Capacitance (T A=25°C, f =1 MHz)

Parameter Symbol Condition MIN. TYP. MAX. Unit
Input capacitance Ci AO - A13 25 4 pF
Cr CLK, CKE, /CS, /IRAS, ICAS, /WE, 25 4

DQM, UDQM, LDQM

Data input / output capacitance Cio DQO - DQ15 4 6.5 pF
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition ICAS | Grade Maximum Unit | Notes
latency x4 x8 x16
Operating current lcct | Burst length = 1, CL=2| -A80 110 120 135 mA 1
trc = trc (miny, [0 = 0 MA, -A10 95 105 120
One bank active -A10B 90 100 110

CL=3| -A80 115 125 150

-Al10 100 110 130

-A10B 95 105 120

Precharge standby current lec2P | CKE < ViL max), tek = 15 ns 1 1 1 mA
in power down mode lcc2PS | CKE < ViL (wax), tck = o 0.5 0.5 0.5
Precharge standby current lccaN | CKE = Vi viny, tck = 15 ns, /CS 2 ViH (miny, 20 20 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (miny, tek = oo, 6 6 6
Input signals are stable.
Active standby current lccsP | CKE < Vi max), teck = 15 ns 5 5 5 mA
in power down mode lccaPS | CKE < ViL (wax), tek = o 4 4 4
Active standby current lccsN | CKE = ViH viny, tck = 15 ns, /CS 2 ViH (miny, 25 25 25 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH Ny, teck = 00, 12 12 15
Input signals are stable.
Operating current lcca | tek = tek miny, 10 = 0 MA, CL=2]| -A80 100 115 165 mA 2
(Burst mode) All banks active -Al10 80 20 130

-A10B 75 80 120

CL=3| -A80 115 135 195

-Al10 100 115 165

-A10B 95 105 150

Refresh current lces trc = trc (MIN.) CL=2]| -A80 260 260 260 mA 3

-Al10 240 240 240

-A10B | 220 220 220

CL=3| -A80 270 270 270

-Al10 250 250 250

-A10B | 230 230 230

Self refresh current lccs CKE<0.2V Sk 2 2 2 mA

-l 0.8 0.8 0.8

Notes 1. lcc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc1 is measured condition that addresses are changed only one time during tck (iN,).
2. lcca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc4 is measured condition that addresses are changed only one time during tck (iN,).
3. lccs is measured on condition that addresses are changed only one time during tck (vin).
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DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. | TYP. | MAX. Unit Note
Input leakage current hw |0<Vi€VeeQ, VeeQ = Vee -1.0 +1.0 UA
All other pins not under test =0 V
Output leakage current loy |0<Vo <VceQ, Dour is disabled -1.5 +1.5 UA
High level output voltage Vou [lo=-4mA 2.4 Y
Low level output voltage Vou |lo=+4 mA 0.4 Y

AC Characteristics (Recommended Operating Conditions unless otherwise noted)

Test Conditions

* AC measurements assume tr = 1 ns.

» Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between ViH and VL.

« If tris longer than 1 ns, reference level for measuring timing of input signals is Vit (iny and Vi (vax.).

* An access time is measured at 1.4 V.

Output

36
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tek
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Synchronous Characteristics

Parameter Symbol -80 -10 -10B Unit | Note
MIN. MAX. MIN. MAX. MIN. MAX.

Clock cycle time /CAS latency = 3 tcks 8 (125MHz)| 10 [@00MHz)| 10 [(Q0OMHZ)| ns

ICAS latency = 2 tcke 10 |(100MHz)| 13 (77 MH2) 15 67MHz2)| ns
Access time from CLK /CAS latency = 3 tacs 6 6 7 ns 1

ICAS latency = 2 tacz 6 7 8 ns 1
CLK high level width ten 3 3 3.5 ns
CLK low level width teL 3 3 35 ns
Data-out hold time ton 3 3 3 ns 1
Data-out low-impedance time tiz 0 0 0 ns
Data-out high-impedance time /CAS latency = 3 tHzs 3 6 3 6 3 7 ns

ICAS latency = 2 tHz2 3 6 3 7 3 8 ns
Data-in setup time tos 2 2 25 ns
Data-in hold time ton 1 1 1 ns
Address setup time tas 2 2 25 ns
Address hold time tan 1 1 1 ns
CKE setup time teks 2 2 25 ns
CKE hold time tekn 1 1 1 ns
CKE setup time (Power down exit) teksp 2 2 25 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) tems 2 2 25 ns
setup time
Command (/CS, /RAS, /ICAS, /IWE, DQM) temu 1 1 1 ns
hold time

Note 1. Output load

1.4V

50Q

Z=50Q

Output )
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Asynchronous Characteristics

Parameter Symbol -80 -10 -10B Unit | Note
MIN. MAX. MIN. MAX. MIN. MAX.
ACT to REF/ACT command period (operation) tre 70 70 90 ns
REF to REF/ACT command period (refresh) tre1 70 78 90 ns
ACT to PRE command period tras 48 120,000 [ 50 120,000 60 120,000 ns
PRE to ACT command period trp 20 20 30 ns
Delay time ACT to READ/WRITE command treo 20 20 30 ns
ACT (one) to ACT (another) command period trrRD 16 20 20 ns
Data-in to PRE command period topL 8 10 10 ns
Data-in to ACT (REF) command | /CAS latency =3 | toas 1CLK 1CLK 1CLK ns
period (Auto precharge) +20 +20 +30
/CAS latency = 2 toaL2 1CLK 1CLK 1CLK ns
+20 +20 +30
Mode register set cycle time trsc 2 2 2 CLK
Transition time tr 0.5 30 1 30 1 30 ns
Refresh time (4,096 refresh cycles) trRerF 64 64 64 ms

38 Preliminary Data Sheet



199yS eleq Areuiwiaid

6€

13.1 AC Parameters for Read Timing (Manual Precharge, Burst Length = 4, /CAS Latency = 3)
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AC Parameters for Read Timing (Auto Precharge, Burst Length = 4, /CAS Latency = 3)
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13.2 AC Parameters for Write Timing (Burst Length = 4, /CAS Latency = 3)

TO Tl T2

T3 T4 T5 T6 T7

T8 T9 Ti0 | T11 | T12 | T13

T14

T15 | Ti6 | T17 | T18 | T19 | T20 T21

| | |
| |
| |
| |
| | | |
CKE ! ! Auto Precharge ' \tekH
! ! Start for Bank C ! k T " T T T '
| | \ \ | | | | | | | |
/CS Z | T\ [ | | | | | | | i
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
T ITTTTTN
RRRERLLRLLLILLN 3 S IRIBIIINIILIIRLLIIK
SRR EGRRRRRHKRRRLRIARIHIIRRKXARAXHHHIRRRKIKIHHRRLARAKS
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? ; ? T T ? ? Y ? i
| | ‘ | | | | | | | |
| | | | | | | | | |
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| | | | | | | | | | | | |
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? " ; * f ; ; '
| | | | | | | | | | | |
I | | I | I . \ | . | |
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13.3 Relationship between Frequency and Latency

Speed version -80 -10 -10B
Clock cycle time [ns] 8 10 10 13 10 15
Frequency [MHz] 125 100 100 7 100 67
/CAS latency 3 2 3 2 3 2
[trep] 3 2 2 2 3 2
/RAS latency (/CAS latency + [trep]) 6 4 5 4 6 4
[tre] 9 7 7 6 9 6
[tre1] 9 7 8 6 9 6
[tras] 6 5 5 4 6 4
[trrD] 2 2 2 2 2 2
[tre] 3 2 2 2 3 2
[topL] 1 1 1 1 1 1
[toal] 4 3 3 3 4 3
[trsc] 2 2 2 2 2 2
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13.4 Mode Register Write (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 | T20 T21

| | | | | | | | | | | | | | | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I |
C K E H | | | | | | | | | | | | | | | | | | | | | |
| | | | | trsc | | | | | | | | | | | | | | | | |
| | | | [ | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | . 2CLK(MIN.) | | | | | | i i i i i i i i i i
. . | . | | . . . . . . . . . . . . . . . |
T T | T | ; | T T T T T T T T T T T T T T T :
/C S I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i i i i
i i T i T i T i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
: ; i , i : i . : i : : : : ; ; : : : : : : |
I IIIRRRRIRIRK) | IRRRKR | | S S S O SR R SIERAISIIRIIRKRIKR %5
IRAS SN | RSN I < S S
ofoleloleleleleteleteototo el NI ofeleleleleleete. NN . R RRRRRRRREREK R
; : T ¥ T ; T ; T T T T ; ; : ; ; ; ; '
i i i i i i i i i i i i i i i i i i i i
\ | \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ |
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i i | i i i | i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
T T T Y e e e % ! Y% ! e %% AKX SIS SIS SR SIS ARSI IR K SIS SRR IS SIS SIS SIS SR KSR SIS ISR AKX KIS KIS
e N s N I R
IWE 5EEIRRLLLRKINN ! JRRIKK ! Qodetetetedels’ ! o 05 R 8RR R R 50 R RS0 SRR IIIRRKRIKKLKS
1020505020 % %% e %% N ptete%e%e%ete%%: oFete%e%%e% ! fe%%e%e% %! 002202020250 %620 2% %626 20% %626 26% %662 % e 2o tete % e e et et te! 0020202025020 26%% %6626 % e 2e% %% 6! 00202 %02020% %0626 20% %6262 2% %6262 % % %6 % %% Pate%etetete%etetete!
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
TR IIIIIXTITTTITITIIIIISISITIN ! [TTTTN
230 I IIIIRKRK XXX | 355355350 000 a0 S S O IIIIIRRIKKKKKANKS 0 ERRK XXX
00 RRLRILIIIIRRIKILLLR fO555 R S50 R 30500 R R S0 RRRRIIIIIIRRRIIKKEKSS %S s e asatesstototetoseses
AL3 SISl | ) RS
SLL VLIS SIS I LIS OI IS LSS OI NSNS, . AN, VAtV AT Ia AN OIS I NI IO N SIS NN SN NSNS I NI NI SN SIS SIS NI LI NI I I NI I NN I NN I I NI I NI I NI NN IS SN SISV VSIS I
XS TS
3% 3K 330RRRXAXXAXSIISII 33 IIIIRKKRXIAXARIIIK:
Al2 odesotele Soedelel Sotetotetotetetetotod O etotetotetoteotototetetetetetotetetetetetede el 000t e totetetetetetetetete e totetetetetetototetetetotetetetetetotodets
og0s0sssess SRRILILIIINIIXXLRKKY IR RIIIIIIIRILRRLLIKIIIIIEE R R IRIHIIIIILRLLLRIK
IaYaVat A IAIINI N R R RIS Vo taPa O VOISO SN II NI NN I NSO SIS I NI NN I%
IR TR R K] DR f R ST IR L LT L LDDITITTXLLTLLTLLT
A10 oSS esssasetotetole AN RN 000000 S0 000 03 3 R 9 SRR R EIIIIIIRKRKKKKKS
I R s
Patetedeletototototetetetetetete’ ! oletetetetetes! \otetetetetetetetetotetototootetetetetete et o e 0 0 0 00 e e e 20 e et o o 0o 0 tetetete e e e et R0 o o o ete et e e et o o o o o etetete et et to o 0o o tete e e e e ot oo to e e e e e e e e e o o o e tetetotetete e et oo totote!
i i i i i i i i i i i i i i i i i i i i i i
| | | ADDRESS KEY | | | | | | | | | | | | | | | | |
TR TTTIIIIITIIIITTIISIIITITLZTTIN fTRITIIIITTLITITITIIL I TTTIITITIRT RIS TTTIIIIIIIZTTTITITITITIIZTZTILITTIIITIITIZLTILTTTITITIIIIZL IS TTTITIILIZIILTITLTTI T IS
ADD S RS SIIEIEIIIN 0 X a0 R R R R SIIIIIIRRKK K ILSIIIIIIIIKRKKKK,
SRR RRIRILKY R 0 R R R SRR RS IIIIRRRIKKIIISS
O e e e 0o eSS esesesesetotolote? 5 % 00909800 000 o0 o090 RIIIIIIIRKKKNKS
[ LSIIII IS IS IO III IO IIIIY, YOGS LIS IN SIS IS IIII SIS II IO III I SIS GGG IIII IS IIII OIS I IS0 III 9008093000009 3 0000 SO I 00O IS0 I9.9.9.9.9.%,
! ! ! ! ! | ! ! ! ! ! ! ! ! ! ! ! ! | ! ! ! |
| | | | | | | | | | | | | | | | | | | | | | !

oz

DQ L T L L L L L L L L L

T T

A

!

All Banks Register Activate
Precharge Write Command
Command Command is valid
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13.5 Power On Sequence and Auto Refresh

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9

T10 Ti1 T12 T13 T14 T15 T16

T17 T18 T19 T20 T21

| . | | | | | | | | | | | | | | | | | | |
i Clock cycle is necessary | | | | | | | | | | | | | | | | | |
| e | | | | | | (o | | | | | | R | | | | |
CKE A ' i i trsc i i i i R i i i i ' ' ) ' i i i i
' High level is necessary ! WS ! ! ! ! ! ! ! ! 2 refresh cycles are necessary ! ! ! !
| i i | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . | . | . | . . . ( . . | . . . (( . . I . I
#)w T | T | T | T T T NI T T | T T T NI T T | T |
/ C S I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | T | T | T | | | | | | T | | | | | | T | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | i | i | . . . . . | | | | . i i . | . |
T | [T | [T | T (T T | R T TN | I
SRR I LRI I LKL I SRRIIRIIRIKELR OSRRRIILRIIEEILRIKN I f R RIRIKIEIILLIILIILKN I LIRS
TRAS KRN I JRRRILLR I LRRLLRRN I CRELRILELILS SERREILRIILILLRISN I IR PRLIIIRLRILRRAILLIN 1 RRRRILLRIKS
Reteteletetotetotototel] Y o%o%0te2020 0% N RN pfololotototetetetele et ote ] totetetete e e e e s 0o 0 e e e e e e e o R R IR RRRRRRRIEE
; ; T * T ; T ; ; ; ; ; ¢ T ¢ ¥ * ; ; ; T ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
! LROSSSKN ! % 00 0 00 0 9 0 0 0 9% ! RS RSSSASRRE SRR R RARR R
SRUKIKKIK ! \RXILREDN ! LRI ! RIS JSRRILKKELEKN ! R IRIEIIRKIIEILK
CAS KRS | RLLLRER | Atotetetetetets | B EARIKIKS GISRRIKILN | IR
3RXXXRIIKN RCRIBBRN RRRRIIID JRR R REEIIIIIRIIRILKKS oSS esssssosetetods f R IIIRRRIIIKLIISSS
RIRIXRRRIY ! RSRRXN i 920202020202020%. | RRIIXIRRIIIIIRRRRII I RN Pata9u0u 0% 9a%a%% ! T30SO IIIIIINIIIN IS8
| | | | | i i i i
| | | | | | | |
T ! T ! B R P s RS IR B RSB
IWE S35 s N s SS R BS S SSSEEEEEIS At R8s
XK | SN | 030RRRRRRIRIR JRIHIRRRIRIKRIILLS] KRR R0 RRRKRRAR) KRRIRIIIKKIKKES RERRRRKRXR
XX XXX ! 8 ! XX XX XX XX XY I O X X X X X X X X X X X X XX X X X S R X X X X X X X X X X X XX X XXX XX XXX X X X XX XX XX XXX XXX XX XY XXX XX XX XD
| | | | | |
| | | | | | | | | | | |
X SRR PSSR SRESEIEER ! 9000000000000 0 0 0 0 929 9,993
Az R R R)
2RRRIIIILRY RRIIIIIILLLLLRIRIIIIIEN | XRRRRRIIILLLILRRRRKS
e LN 1 S
i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | |
|
XSS PSSRSO SESEISRRER X SSSREESRRSIESSRSSAESSRSSESRESRKRY X SRRSO RS
500X BEIIILLRIRIIIIIILLLKK | R RIIIIIRLRRIRIIRIIIIIILLLRRRKIIIS, R 0 IRKLRIRIIIIIILLKN
Al2  EEESEREERERsei) | SRy ey
aVaIa O IaO I IS Sa OIS NI I N SIS I 9IS IS IIN SIS OIS NI IS IIII NI IS SIS I NI IIII NI OIS, IR IRRRARIKY
T T T T | T | I i i T T T i |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
2RI ! R R R ST TR, (R R R R RS TO S O OO I
Al0 R ‘ LR SR R R R RIIIIIIEIN RIS s etesses
SRRIILLLK, | , 558 RRRRRRIEIEIRLRRRRIISIILRRRRRRE | R R 5 BRI REELLRERRRR
LREEELEL ! R e ] R R e e L S LRI
| | | | | | | | | | | | | | | | | | | | | |
| | | /ADDRESS KEY | | | | | | | | | | | | | | | |
TS IR OO PR R OO OO I NI IO P OOIIII PN P OO 3 o IR
ADD 2 BRI ILRRLLRIALLK BRI IRRIIRLRAIRLRIILK R IRRIIRIIRIIIRRILRIKIR R RIS
e S IIIKIIIILLN B e R O I RIIIELI SRRRIRKE
IR PRRIRIILEIIIRRIKLRA] R L R RN RS
PSS ISP SIS IS II IS990 PuLLI IS IS IS990 9999809999909 99.9.9.9.9, J S I 9999.9. .09 993, 0.9.9.9 9.9 8. 000999900999 9800909939, 0.9.9.9.9.9.9.3 ¢ SOOI 99.9.9.94
i i | | T | | T T T T T T T | | | | | T T T |
| o | | | | | | | | o | | | | | | Lo | | ! ! !
i 2 i i i i i i i i ROl i i i i i i 20 i i I I I
DQM i ‘ ‘ i i i i i i i i i i i i i i i i i i i i
L : | | | | | | | | | | | | | | | | | | | |
i High level is necessary | i i i i i i i i i i | | | | | |
| ! | | | | | | | | | | | | | | | | | | i i i
Lo | | | | | | | | | | | | | | | | | | | | | |
» Hi-Zz | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQ ..-..w-...-SS.\.-.....\..-....u...-...a-..-..a....-..w..-..-.w...-...u.......u.....()(fu-....-.w.......w..-....\...-...n.-.....u.....-.a..-.()%.w...-...w....-..\.....-.a.-....-ﬁ......a

All Banks Register Refresh
Precharge Write Command
Command Command is necessary

is necessary  is necessary

trP trc1

Refresh
Command
is necessary

trc1

Activate
Command

- >

AN
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13.7 Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | Ti3 T4 | T15 | Ti16 | T17 T8 | T19 | T20 | T21

i i i i i i i i i i i i i i
i i i i i i i i i i i i i i
. | | | . . . . . . . . . )
T | | | T T T T T T T T T |
CKE i i i i i i i i i i i i i i
| | | | | | | | | | | | | |
i . . . | | | | | | i i i i
| 7 7 7 | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! !
. . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; |
/ C S I I I I I I I I I I I I I I
i i i i i i i i i i i i i i
| | | | | | | | | | | | | |
| ; ; | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
. ! . . . . . . . ; , ; ; )
| T TTIIIIIITIIZIIILIIIZLTTLZIXLTZTTTITIIZITTITIIILIIIIIIIXLTITTIIIXLTILTTL T TSI TITTS 00 TRTIRIITIIIIILTIIITS,
IRAS | B s S
RA ! ! RS R R R R R R R S R R R RRIIIRIIIIILLLRIIILILLIIIKKK
2 . I NI LI INI SIS INIII IS I NI INIIIIII I NS IS IS IIIII NI NIISI I NI IS SIS NSNS I I NI IS NI I I SISO I NI I NSO INII IO I NI IS INI IS OO NI IO INII IO SN NI SN NI NI %%
T T ; i ; ) ; ; 7 T T T T T T ; ¥ ; ) ; 7 i
| | | | | | | | | | | | | | | | | | | | | | |
) ) ) | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) |
i
R RRRRRRA RN o 002 o000 B0 S0 T BT B30 ST IT IETTTEIT T ITX XTI BIZX X TIZTZIIXL LTI DEITCL
ICAS sossessssvorss A oo soseceses N S
XX I s | R R R R R R R SRR IRRKKSIIIIRRKKKISS
|
i i i i i i i i i i i i i i i i i i i i i i i
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) |
R IIIIRRRIIARIAXAXIAXAXXXKS R IIIIIIIIIIIARIIIIXRXAXAKAKKKS XRRXXXXKS
/WE | | O O e I IKILKIKISS
I R R R R R R R R R R R R R IRIIIIIIIIIIIRIIRRAEIINLLRLKRK
i i OIS OIII IS III I IO IIII IS OIS I IS OIIII IO III SISO III I VOO IIS IO I IS SOOI IS OISO III SOOI IIIIII I I I SISO OII IS OIS I NGOG I IS IO I LGOI NI OIS I I8
i | i | i i i i i i i i i i i i i i i i i i i
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| |
[T ITITIIRILTIIIRITXITIIZX IR TIIIIISTTTITIZIILTS T TTTIIIITTTTIITIITITIZIIRTXTIIILXSXTTIILIXSTTTILEIZXILIIIIZISTTIIIIIRTTTIIIITLTTIZTIZTIISS
Al13 | Aitatetetetel | 5 R ORI IRRKEIIIIRLRILHIK O R e R R R R R IIRARIESIIRKKKIIESS.
i RIXRXKN 1 B0 a0 RREIIKRKIRAII R RIS RRRICRRIRKRRKIKR ORI
Sdotedatatetetel R R e R R X I X R I8 ERIIXRL R RIIKRIIIIKIIIKKS
. | A2020202020202020 . SIS IS IS GII SIS IS II0 9099999999930 9.9.9.99.3.9.9.3.9,99.9.9.99.3.9.9.3.9.9.9.9.9.93.9.9,.9.9.9.9.9.9.9.9.3.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.5.9.9.9.9.9.9.9.9.9.0.0.. 00999900009, .9.9.9.9.9.9.9,
T RIIIITIIIITIZTIXIITIIIIITS TTTITIIIITIIZIZ TSI IIIIITS TTIIZIRITTII IXIITIIIIXIXTTILIIIZSTTTLITIZIILS
Al12 5 R RIEIIRRKILLIIKKKS SRR IIRILRIIRARKIEKS R R R IRREIIIIRRRIIIESS
00000 IR R RIIIKKIIIIRIIINIIE IR RRIIIIIIIIIIRKK 00000 R LRI KKK IIKIKIKIIIIII
LIS SIS I IS990, 0999993099099, 93. 099099 0.9.9.3.9.9.9.9.9, R UL BSOS LIS IS IS IS IS OIS SO II I III OIS 9994
OO0 ST T T S S T T T S T T T T S S T TSI
Ssesssesetetete; K ) OO0 OO 0oL e e e OO o0 e e e s oS oe s ossrotosstototosatosotosototototatototetotototetetetetetedotel
Al RRXRRRIKY 0505958 R R0 R R R R IR IIIIIIIIIRIILLILLRKRKS
detotololelelee) \ de2e0tolololeletetetoteololelete e e tuto olo ot e 20 0 0 o o ool e 20 0 0 0 ot du 20 0 0 o ottt dutetutototo et tututo o o ottt e e 0 o o ot dute e utoto ottt tututoto ottt e e e o Roto ot e e e o Roto ottt e utoto ot du e e o o Rote ot detetutoto o et tututoto o ottt
|
\ . .
z T TIIIIITITIIIRTLLZTIIIZIRLTTTIIITLTLZTIIZIZISLTTTIIRIILTTTITIZTLTSTITITTTZLTITTITIILTTTIZS T TITIITTTTITITIILTITITI ST TIITIILTTIITS)
desatetoles RRRREN B0 0 R S 9090 SRR RIEIIIIRKKK 090 IIERRRIIIIKRRKKEIKS
ADD e e 5 R S RS R IR IIIRRKEKEEK SRR IIIRKIEIIIIRKRIKKKS
o3 Y, \ Y R0 O R R R R RIS EIIILRIRLLIRKRIKRS 3 IR RLILRIRRIRKK
NS RO LIS SIS I IV SO IIIIS SIS IS IO OIISIIII SIS SIS IS IIIII NI I NI OIS IS I III I IO I s QKK SIS VIS SOOI IIIISIIII I SISO 9%

T T ! T bt

Activate Read 1-CLOCK 2-CLOCK 3-CLOCK Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED at end of burst
for Bank A for Bank A

AN
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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21

CLK

CKE

/

ICS

S TR R % X TR S
o %% %0%% %% 000 %6%0%% 0%0%%

9% $%09%% 000%6%0 00500 %% 6%% 096%%% X SRSEEEEEEEEEREEEEEREEEELEEEEEEEEESEESESEESESEERSESEERSAEREEEEEEEEEEEEEEELE KKK
R R R R R R R R R RIS RS
B0 et 2T 2Tt et et 2T YT Y e e et 2T et % et 0% 0T %P 20 % % 2% %% % 0% 2% 209 %% %702 2% %09 %6% %% %24 % %4 % %% D000 e e %0070 % 0% 0% %070 %20 %0920 % 2% %% %209 26%6 26962 % %70 % %4256 % %% o%%%!

] Y ] T T ! ! ] ]

IRAS

I
i
TRXTILRZRITLLRTZTLXRXRXITZZTZTLZRXIZTLZRZILZLSTTLTLRXTTLRZIZLLTITLLRIITLTZITILZLLTITLXRXIZTLLRITTZRLITTLTLZRITTLRXRZITLTRZRZITLTLRZRZTLTLXRTZZLRRZTLTLZRTZTLRZRTITLRZRZTTLRZIS,
T I I T e I I T S S I I IN
X ORELLRRLLRRAILRIHRLLRIELLLIRLLRIELLRRAILLRRLLLRLLLRILLRRHXLRRILLRHRLLLIKLLLRRUILRRKILLRRLLRHRILLRKRLLRIKLLLIHRLLRHLLLRAILLRILLRIAILRLRLKS
I R XL IR RIIIRRIIR IR LRI R IR R IR R RIR LRI RIRLIILIRILLIILLRILLIRILLIILXIRAILLIEK
000K 000005 IR
i

ICAS  ZE8885] SIS IIIEKIIKK
G RRRRRRRLRLRRRRRRLRLIRLRRRRRRARIR LR LRRRRRRLHRRRLRRRIRRILIRRRRLRRIRKILHKRRELRRRIRLILRRRRLRRILRLIRRIRLRRILILKKLRLIRLIRLRRIRKRKILRRKR)

T
I I I I I I I I I I I I I I I I I I
R AR TTRRTS RN TN T TR T
R O R R HILRRIIRIRILLIILLIIRLLRIKS)
LIRS R IRIIRILK S R IRIIIRRIIILLRRKLRS
3000IILLLLKRKIHS R IR IR KIIIIIHIIIILXLRIIIHII 3 R R IR,
09626205626 26%6%6% %% % % 6% % %% e e e e e R R LK LKLEKL R e A LI LEKLEKY

IWE

O T O 0040 0‘0.9.9.0:0.0‘0 R R R,
0%

"""Q‘Q'"Q‘Q‘""""Q‘Q“‘

X 190
4 S
% 0305028,

0502000000 e %0 % % %0

RRRX SRR ISIIIRRRKLLKS RIS
RIS oo L X 0L,
000002006262 %0 %% %%

o

0% %% S0 00 000 0 0 0 0 0 00 0.0 %% SO 0 00 000,

X XK KKK K KKK EEKKE KKK LKL X XX K KK RKEEE KR E RS EEK K ERKGEK KK

X XSS XK GRS EEEEE GG EE KK S K SEGE KRGS KKK KK KKK o0 909500
O e K KR 8303838200000%

Al3

$9a%% ZRRLRLS 0a 0% 00 9a0:%%%

%% % 0%
00000 00 00 0 0 0 0 0 0 0 0 00 00 %% X KKK S ERE RS KRS KK ERSIEE KKK
O O OIS

%%

| |

| |

| |

R TR TITTR T T A T T T T T S

! 3% ! O O SO Sa e oo
0000090900 R S008I a0 a0 090 IR LRI

| i 0 RRRRRIIIIIIIIRKKS 0 R 00 RS0 R R 00 R 05050 R SRR IIIIKRRIIKKKS

NS $0°6°0°0°0S *: OO * 070°676°6°0°4°8" “® 8% el XX G X K & ®

Al12

SIRILRIS

06%0%%%0%%a%! 90%%6%%% %!

| | |

| | | | |
| I | I | ! I

3%%:%%%%% VAR W %% % %% % 2% %% et ! fTRRRRRRR TRXRXR TR RTRRIRIR TRXRTLRTRS TRRRRITIRITRRTRRTR XTI TR TIR IR RRTRTRRXRRRTIR TR RRRRRIRTLIRIRIRIRRIRR TRXRRTRXTRIRXTRTIRTIR TXTRTRTRRRXTIRX TR IR

20%%% X XSRS REE LK ELQEEK KL X X KKK L REEEKEEE KL ELEEEEKKL 0000000000000 0 2000 00 0a 0 0 0 0 e 20 20 0 00 000 % o9 %% 000000000 %% XSS RE KKK KL

: 0.0‘0‘:.0‘0.0.:‘:'0’0‘0 $%%%% :.:.0 %% RRRRRLRLLRELLLRLLLLLRRLLLRK 0 ’0’:‘0.:’0’0‘:’0 0’:‘ 0.:‘0‘0’0’0‘:‘0‘0’:’:’:.: :‘0.0’0‘0.0‘0‘0.0‘0.0’0’0 1%%%% :0.0:0.0‘0‘0‘0’0’0’ Q

L 0

T

|

|

% S X
% 0 3
e e o e oo e asasototetoteses %
A10 0090000000900 IR 00 RIRIIIIIRKK
% % 9a%a%% Y aTaYa Y IaIA NN IaI NI I NN IN IS NI I I NI I NN
;

1920.%
AAAAAAAAAAAAAAAAAAAA R R KRR R

X
9% 5900 %
X XK oSe20soletololeteloletotoleds
‘

= = =
K X XX XXX X X X XK KKK K
<X XSRS KK EE KK EEE L XSRS KL KRS KKK S KK S ESE KK SRS KIS KKK
ADD <SSR EKEIK I IK LK IR K IKIKIK I XK KKK KRR K XX K KK IR XK I KK X KGR ISR KKK IK R XK XK I K IK XXX KK IR IK XK XK KKK KX KKK XX XK X XK XXX XK XXX R XXX X 090909009 9,0.9:%
o ) ’, & 190900:9.9.0.0,.0,:0.0.0.9.0. 00,0 0 0.9.0.0.0.0.0.0.9.9.0.0.9.0.0.0.9,0.0.0.0.0.0.0.0.0.0.0.0.9:0.0.0.0.9 090900990000 0.0.9.9.0.9.90.0:0.9,0.0.9.0.0.9.0.0.0.9.:0.0.0.0.0.0.9 0.0.90.0.0.0.0.0.0.0.9.0.0.9.0:0.0.0.0.0.0.9.0.0.9.9.0.0.0.0 0,900,090 000,000,

DQM L | | | | |

DQ ‘----1--|—-”-_-Z--1-------‘-------‘--------‘-------‘-------1------<QAa1XQAa2 XQAa3 XQAa4

! f ! f U

Activate Read 1-CLOCK 2-CLOCK 3-CLOCK Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED at end of burst
for Bank A for Bank A

AN
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13.8 Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

CLK

CKE

ICS

IRAS

ICAS

IWE

Al3

Al12

A10

ADD

TO T1 T2 T3 T4 TS T6 T7 T8 T9 T10 | Ti1 T12 | Ti3 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21

S RRRRRIRRK
T

i
000009902 0% %% COSNS OSSOSO XSSOSR 190%% %099 OSSOSO XSSO
CRRILLIILLRRILKS R R R R RIIRIRILRIIILLRRIIKLIRL SORRRLLLIILLKS
0000000000000 00000000000 0e 0 % 00 0 %e % %% X X KRG K KSR ERREEEEE KK LEREESEIEEEE RS EE KKK EREK KL X XK RREEEEEKKKL
IR R I IRLIILIRLRAILLRS
SOVIIIIINIIIIIIISIIIIIIIIIILIIIINIIIIIIILIIIIIINIIIIISIIIIIIIIIILISIIIIIIIIIIIL SIS IIIIIIIIIIIIa% s
; ; ; ; ; ;
|

|
R R BB T8I LITTZTIXT LT

R R IR IRLITS
DORRERER R B R R R R R RSB
| &“%%ww& 00000000000000000000000%&&“&”&&&&&&“%&&&“’0000000000000000000000000000000000%&&&’000000000Qﬂﬂ&&&§000000Q0000000000000000000‘000‘00'000000‘0‘000
|
| T T T i T i i | T | i i T T T T T i i i I
| | | | | | | | | | | | | | | | | | | | | |

|
TR | R e IS
S I 55s0ssssssss N R R IR
X ! \XXRIXXN | 3R R R R R R30S R R R 505 R ERRIRRIRIISIRKS
T | T | i i | T T T i | ! ! T ! T i | | T T i
| | | | | | | | | | | | | | | | | | | | | | |
| |
SRS 0% 00%
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Clock Suspension during Burst Write (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.9 Power Down Mode and Clock Mask (Burst Length = 4, /CAS Latency = 2)
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13.10 CBR Refresh
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13.11 Self Refresh (Entry and Exit)

TO T1 T2 T3 T4 ™ ‘Tn+l‘Tn+2‘Tn+3‘Tn+4‘Tn+5 Tm ‘Tm+l‘Tm+2‘Tm+3‘Tm+4‘

BRRRXXT]
TS,
ey

CLK XX
<
[ etetetotete!
] ]
I I
I I
T T
CKE ' '
I I
I I
I I
I I
. .
" "
/ICS | |
I I
I I
T I I
I I I
| | I , | |
SIS ' D RS R IR RTRRS
RIS I R RIIRIILIIIRRIKIRIELRIL RIS
IRAS  EEESEEER5) ‘ R RS SSEES SIS RS sss RS
KRR . R AR
X X ] ] " : : : : : ]
I I I I I I I I I I I
| | | I I I I I I I I
T TRRIT TR !
R REHRERILLN S e ey D e e S e oo RIS
JCAS  RRERIEEEIKILILS | \SGLILIRKN | ot etetotetotetetetotete et tetetotetetetel oottt o e e tete et e b et totetotete e totetototetotetotetotetoteteotetetets' | pootetetototetetetetetotete ettt
00 REXXXRXEN 3 | e S S SSSaSas S eSadasetatetese’ Datototatatetetatetotetatoteted
Poletoletoletoletodetetetotetele ! odetedetelete. WL oQoletebetoletoletoletotetotetetetotetotetetetesiototetotetotetoted! S 2oletotetotetedetotebetotetototebetoletotetotesotetotetotetotetotetotototete ! o20elebetoletoletobetoletotetoleds]
] ] I ] ] ] ] ] ] ] ] ] I
| | I | | | | | | | | | |
% % e %Y %Yo Y %% ! 2% VY% 7 Y0 % 0 76T Y 0 T T e T Y e % YoV e e Ve VeV Y e Ve Y % e Y % e Ve % e e e e ST T T e % T Y e YV e VeV % Y YoY% Y e e Y Y e Y Y Y % e e YO Y%
TITTTIIN R T e B
IWE eSSt esatetetatedetetededs ! ! Ottt et tatetatatetatatatetatetetatodetetodetetotototetotetetotototetototatototoiotototosototosods ! S S Y trtstatetedetetetetetetetatotetetotetetatotetetotetetetotetetototetototetete’ 0900
X o2e%0%% oot ! ! K] I R RRR RIS ! e 60 e T 20 0 20 0 20 02020 20200 2020 20 %20 0% 20 020 e et e et e Y e
j j j j I j j j j j j I
I I I I I I I I I I I I
D000 0000000300 920929920, 0SSOSR SRR X SRRSRRSSRRSR KRR ESIER SRR SSRSK K R SSRSSRRISRRSRRKRRKS
IRIIRIIKKRRIKKN JCRRXKLRIXXXK o IR IRIIIIRIRRRRRRRKRN 00 IRIRIIIIRRRRRIRRKRIIN £33RIIIIIRRIRRRKS
Al3 SREIRLLRILIAKKN B RIRIRIIIIRRIEIRRIKKS GRS IR G IIKIKIIKKE
0IRRIIIIRLKS KRR RLLREIILLLRRIIIRLLKS RIIRLLLRIIIILLLRINIIKS RIS LIRS
SISO I SIS0 99:9) KSR I R R IR S99 9999999 I I OISOV IIILIIIIINLY, 9a929,9:929292929292929,920.929,9.9:3
] ] ] ] ] ] ] ] ] ] ] ] | ] ] ] ] I
I I I I I I I I I I I I I I I I I I
X SSARSRRELSOESRXR R SRS RSSO XSS (55RO K SRS
e T ] ] (e e T T (O ) (T
Podedetetotetetolotototosesese Sassstatetetatetatetotedetetetatetototetotoltutototetotototatotototototototototolososososatosolosetoretel s s A eSS udatetutadodetetatetetetatetotetotetetodetetetotototototototototototr RRRIRKIIIIIKKEI
RIS V999999 9a 0.9 9 VIV IV I VL0 W INIIIIIIIIII NI I I NI SN NI I NI I a8 9:%% a%a929:92929:9:9a 0.9 9a9a N VSIS S INI P IIIIIIIIIIIIII I NI I VNI SN NI I NSNS NN OIS NI, | VOO IIOIISIIIII IS
] ] ] ] ] ] ] | \ | | | ] T T " i l
I I I I I I I I I I I I | I I I I I
| | | | | | | | | | | | | | | | | |
XK KR K KKK KKK KKK XX K X IRKIRK I X I X I XXX IR KKK XK XXX XK XXX SRR XX I XXX AKX XN (5K XXX (I I IR XXX IR IR HKN RCICRIIIXIK IR I X AIIKIKKND
Al10 oo e setstetotetete ety A R0 e, KR I RRIIIILRRIIIILLLRIIL L IRLILLRRIKIILLIKIES
288985898985898898585% I K2 A S S IR RIRIRRKEESS S R I R RIS R SERRIRIEIIRKKKEIR
R ! KRR X B R R R 0202022 e 002022 %
] ] I ] ] ] ] ] ] ] ] ] j ] ] ] ] I
I I I I I I I I I I I I I I I I I
OO OO SO OTOIIII I DIIINI PO IINIIPOOIINIIDPDOIIIIP DO, (PO OOIII PO IO II PPN I PP OIII PP IO P POII NI IIIIII IO NI T RRILR R R IRRRLZZTS
ADD R e R S8 RS ILKRKKLIEKA 2 2 QXIKRIKLIRKIKEKK
R R iy SRR
DI L0000 9.9.0.9.9.9.9.9.9.0.9.9.0.9.9.9.0.9.3.0.0.9.9.0.9.3.9.9.9.9.9.9.9.9.9.99.9.9.9 4 S 99.9.9.9.0.9.9.3.0.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9. JO.0..9.0.3.9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.] LS LOL LG 0 .00 9.00.9.8.0.9.3.9.9.9.9.9.9.9.9 OL VOO0 0.0.9.0.0.9.9.9.9.9,
| | | | | | | | | ] i ] | | | ] | |
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
DQM L | | | o | | | o | . | | | | |
j j j j j D j A A R A A ) j A A A A \
I I I I I I I I I I I I I I I I I I
 HIZ | | | | | | | | | | | | | | | | |
DQ ....\.....-.\.......4..-....4.......4.........-iﬁ..w......-\.......4..-....A.....-a.{;’....w.......\......-...(;5......-..................w...-...w.......s.......a...-..a......a

Precharge Self Refresh Self Refresh Self Refresh  Self Refresh Activate
Command Entry Exit Entry Exit Command
(if necessary) (or Activate Command)
Next Clock Next Clock
Enable Enable
trP trc1 trc1
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13.12 Random Column Read (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 TS T6 T7 T8 T9 T10 Ti1 T12 T13 T14 T15 T16 T17 T18 T19 | T20 T21

| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T 1
CKE | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | . . . i . | . | . . . . ,
| T | T T T | T | T | T T T T |
/CS I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
. . . . . . . | . | . . . . . . .
TR =00 ececes/ A TR w00 OO s | | - R R TR
I s % TR | | ‘ R AT TTTTIIIILR,
IRAS Rotetesesatotetetet bototssesatete? RIS oot s asatotesesasatotes
| R RIS | | IIIIRIRIIILIIISISINON 1 | | SRR
i RERRERNK S i i 0002020202020 20202020 202020201020 20 %02k, N . | odefeololedeletotoleletetotolotedetotolodetutulototetets
| ; ; | ; | ; ; ¥ ; ; ; ; | ; ; ;
| | | | | | | | | | | | | | | | |
| | . | | | | | I | I | | | | | |
| | S | o ~ | T R oy
\ | - s \ \ R SRR
ICAS i i i 5ILRKN i i i i B0 IRIRRIRIIHIIIIKILLRLLRRKRS
| , | JRRRREEN | | LR XK IIIIRRRIRILILSS
| T T | | T ? ; ; ; .
| | | | | | | | | | | | | | | | | |
| | | | | I I I | | | | | I \ | | |
i i i i ! 6% %% %% %% %% %% %% %% A % SRS 0% %% % % %%
| | | I o9 o KX I 3K I RSRRRR I KRR IR
0%l RS e ot oSS atoteneoatatotetesetototoset
E | | | | RS | | (KRS | KSR RIS IICRILRILIIIIEIK
! ! ! [ Vo099 %9090 %0909 % %4%a% %% %% %% %% TR /a%%a%% %% [ 4% % %% %Y ! a0 00000 %000 % % 00909 %0909 %9099 %4909 %%a%a% 4% % %%
| | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
! %% %% ! PSSR ISISSSSN ! ! PSSR ! %% % %% ! %% %% %% Y (%2200t PiP P P PP P DD P S SSSLIIIIIIIISNS
! XKL ! PR RIRRIIIIIIILLRLLIRLKKN ! ! R RRRRRIIIIIIILLLLLLRKR ! fRREXX) ! JRRRRRHN ! 5ERKXLLLLIRK
Al3 i Alteteseseses | OO eSS esssososeseteteteteteteses: | | R8I LRLIKKIIHIIRD | SSsssesesesets, | Jogoeletetetedy | 3R
| deSedotetotolo. I SIRRREELEEIEIKEN 1 | RRZREIEEEELELEELEEN 1 LoSobolololelolet NI Sotololotetelele. NI RRREEE,
i i i i i i i i i i i i |
| | | | | | | | | | | | |
| | | |
R R TR XL I ITLLITRRN T T S
! ! B IR ! ! R RN
Al12 RRRRIIIIIILLKLRK R RIIIIIIRRRRIIHIIIIILLLRLRR
! ! I IIRRRRIKIIKS ! 1R IIIRRRIIRLKSIIIIIIRKS
. . . .
T T T T T T T T T T T T
| | | | | | | | | | | |
| | | | | | | | | | | | |
| 9 | , |
T IIRT TITILTITTLT RITTIIN BRI IITTLTITTLZIN X 3 o
A10 ! o s atatetetototototoietoeted ! 355NN 0 IIIIRIKLILIN ! % o
D LEEEEERISISSISIIIISIIN | BN B ARSI |
! ofedetololefetetotoletetetotolole2eetolote e et NI Sotototedetetotob 2ofeletetololetetetotoletetetotoloteteutetetete, !
i i i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | | | |
IR R R TLIX T R T RS R ST IRTT K
ADD  555555es RAa JSSSSSEe] CAa JSSsssssssssssuasassssst s QLT s
GRRRIIRK AR, R IRRSIIRRSIIIRISRD €0 R I R RIIIRARIIIRAISIIKKKSKKN JRIRKS B3R RIS SIIRKXSISIRKXSISS
| | | | | | | | | | | | | | | ! | ! | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM L ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! |

DQ ..-..LHif..l.......J------J-------i------(1QAa1X1QAa2X1QAa3X1QAa4X1QAb1X1QAb2X1QA01X1QA02X1QAc3X1QAC4>--------------'L-"-"i"-"<QAd1X(1?Ad2X(1?Ad3

f f f f f T T

Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

AN

€9T8CTISY T¥88¢TSY 'Tv¥8¢TSyAdn




145]

199yS eleq Areulwipid

Random Column Read (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)

| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
. . . . . . . . . . . . . . .
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
CKE A
I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I
I I I I I
I I I I I ]
/ C S I I I I I I
I I \ ' / I
I
] ] I ]
I I I I
I I I
R R RS . LTSS T, R R SR T
RN PRSI 1 RIS 1 NI 1 \EEEEEEEEILLLLLLLIN 1 | sy A
IRAS 8888 I 2o CRRLLKS I R ERILRILRIEILRRLK ] I N RIRLLR I R RRIRIIRIIILRIIILLRS I I XX 1
DL, I RREEY | 020020202 00202 0 e Te % 0 te e %00, I | \06% %20’ I LI I I (o0t % e %% A
! T ] ] I ] : ] I Y I ] ] ] T ] ] T ] ] I : '
I I I I I I I I I I I I I I I I I I I I I I I
| | | | I | | | I | I | | | | | | | | | I | |
~~~~~ = I TR ETRR | e | R ] TR TR ETTRTTT | TTTTXR
R SRR TR R R R ILRKS
ICAS ! o3 ! RS RRIRILLRIIEKE ! ! K] ! ! RILRIKIKIKI !
I I R IIRRRIIRILKESS | | R IRRRIIRIIK] | I CRIIEKIIN 1
[T Y %% % % %% % %% % % %6 4% . 20003050 2626%0 %6220 26262630962 2656 22650 %6 % %% I %% %% %% %, . 0262502622050 %626 26%6 2265626265622 %% [ % % %% % % %% I 0000502 %6%6%6%26%6%%26%6% % NEEIY %%4%%%6%4%% %% %
I I I
I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | I | | | | | | | |
7 T 7 T T ! 2 R RIS OO Iaed
LK KRR RS R ORI RRRRILRRRK I IIILERKILLRN XS KR IR XRRRLRIRILER
WE 555 | aanassssss] | Raaaasssssssssssssss] | NG | Xeaaanssssssssssss | S B R I
SRR KRR e S s s et etetetoted’ RSSLEEY RS KEIILLLL RELLLS XK el
KUXXXXXYS ! R XXX IX XXX ! R IR XXX IR XXX XXX XY ! XXX ! VO LOG LI L099.9.9.9.9.9.9.9.9.9.9.9.\ ! X ! A XX XXX IX XXX ! OSSO 099.9.9.9.
¢ I ¢ Y I X ] ] I " I T ] ] T ¢ ] I X X I ] .
| | | | | | | | | | | | | | | | | | | | | | |
| I | | I | | | I | I | | | I | I I |
TR ! I I TIIN, ! R R TR ! ERRIIZRA ! OO O O OIS, ! OO OO IIIIN, ! OO OO OIS, ! R R RRIRRR
poeteteteteleted ! JRIIEIEKELIKIKKIN ! 20200002020 20%0 %62 2050 % 22006 O teteSotelee: ! [R35ER5KY ! 50 SIKLKIKIEKIRKN ! 2005020202020 220 0 %o 2200 ! 0020202020262 2020 % 2o ete %o ! 2020205020 202050 % 0%
SISRKKEK [ o ototetetetetotoretotototetotots ! S RRIRRRRIELRIIRIKLERIIIKIRIL ! ERIRKILKEN ! 5 ORIIIIIIRLRIIR ! A0ttt etetetetetetetetetotote, ' RIREIIKLIKELKY ! ERILRIELILILREL
podededeloteteted [ SoSotodeledeootetelotodetetetoto. W A2 5002020202000 % 00202020 0202202020220 NI o o000 %220 % NI LRRRRIKELIKILLLILLLEIIEN 1 RRULLLELXILELEIN 1 LRIRRIIEIIELIN 1 JRELLEHILLLEEK
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
I I I I I I I I I I I I I I I I I I
I I I I I I
I DRI I R R R TILLTLTN I I f R R LT TR I SOOI SOOI, I
! RRREXIKN ! S IRRRXKIRXIIIIIN ! ! KRR IIIIIICRRRIKIN ! RRRXRRLIIINYN !
Al2 | s NI s e N s s s N s Nl
£ QRN R RRRREELLLERD ALK LR %
] ] | | ] | ] ] ] I ] T T ] ] ] ] ] ] ] ] ] i
I I I I I I I I I I I I I I I I I I I I I I I
| | | | I | | | I | I | | | I | | | | | I | |
S %% % e Y Yo Y % ! 2% %0 % % Y0 Y0 % Y Yo Y e Ve Yo % Y % Ve % ! 2% % %% ! 07070 %6 % % % Y0 %Yo Yo Y % Ve e e % % ! 0% % %% % % % e e e % RIS ! S %%
JRRRILKKILKIKLILN I BRI KKIRIKILLIK I JRRIRKIR I 3 IRRIKIERKIGHRIKIEKIKIKN I SERRIKIRKIKIEN JoRIILLRIKIEKIKELLKIN I JRRILLRUKLEKXK,
A10 e N s N s N s e N o TN oo NI s
i RLSCRRRRISIBIKELEILKERRRN 1 KRRRRRRKN | JROLLBILOKLKILIIILIIN 1 JRRREKEKKRKKS RSKXRRRRRISIKIEIEEIN | JRRRRIIEILELLS
T 3 5 T ; ¢ ¢ T ¥ T Y » ; T ? 7 T ; ¢ T f f
| | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I
KRR R R RIS O e S S T IO SRR RRRRRY 9% Xy T R R RIS RO R RRRR
ADD  S55s RAa RS CAa EESEEERi CAb XY CAc X SRS RAa JEREE CAa RIS
CRIRLRRXN fRRIRRIELRIILLRIKLN RRIRSE QRIS fRILLLLLN 4 25 RRRS ZRRR ZRRRRRIEEILELLLLRN fRXRRAILRRRKL
j j j j j j j j j j j j j j j j j j j j j j ]
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
bQm L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

DQ

---ﬂ------d----(Q/‘AalXQ,‘AaZXQ/‘Aa3XQ,‘Aa4XQ,‘Ab1XQ;Ab2XQAClXQ,‘ACZXQ,"-\c3XQ;AC4>

|
|
|
|

[

T T

T

T T !

Activate Read Read Read Precharge Activate
Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

L

!

Read
Command
for Bank A
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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | Ti3 T4 | Ti5 | Ti6 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE L | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . | . . . | . | . . . | . | | . . . . .
T | T | T T T | T | T T T | T | T | T T T T |
/ C S I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| T | T | | | T | T | | | T | T | T | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| , . . . . . ) | , | . . .
o R I <> "" I % %% % %% I <> .‘ <> I I I ’;".‘."" ".""";’ <SSP
IR oSS a ot tatatotesetatoteset S SRS SIRSSIEIIREEIKS
/IRAS | | K | | R R ERRREKD | RS R scossssvesssse A R KRS
AAAAAAAAAAAAA % I 9090290902009 %%a%6 %5096 %%0%6% %% %Y I 9a%%a%a%" I 009090 %%0%%%0% %909 %%4%a%%a%a%%a%a%" 9a%%%a% %% | SIS, I 00000 %% %90 % %0 % %e%a %% ta % Y ta %Y ta% %090 %0 % %%
; T ; | T T | ; | ; ; ; T ; T ; | T T T T )
| | | | | | | | | |
| I | | | | | | | .
--------------- | | | T e | =
ICAS 88K | 5 | | | | |
pedodstodotolelel I 3ol 003000 LR R Solsdelelelelod R Sodslslsieleleledeiododotatatetelelededodst w ;
| |
| | | | | |
| | | | | |
T 0RO, ! SOOI ! TN ! OO !
IWE DORRBERN RIS LR LSS !
1 Weteeteteteles N R0t 0se et 0t et 0t tetetetototetototetotos 1 2020502020020} 1 KORIRIKIREEREEIKEIEIN 1
| ? T ; ; ; T ; T ; ¥ ¥ T
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
S RSIIII 1 NSRRI ! [ S o5sessosesss A [ O30 os0sesesecey A 36%ss50s0necess” A
Al3 poedetetetetetete%’ I \SKRIERKK I I \HXKHRRELRS I I 'odeteteteseteds’ I KL |
KERRIEKE I RXRRILLS I I KHIERRKS I I RSKRRXRAS I \XXRXXXS I
fe%etetete%ete%’; | Se%%e%e%%' | | ‘otete%teteY | | NS | Ye¥e%e%%e |
T | | | ; | | | | | V | T |
| | | | | | | | | | | | | |
. . . . . . . . . . . . , .
IR T\ ! IR 3 R S0 AN %6%6%6%6%%%% I %4%6%6%6%%%%" A
a2 BT G0T  ansiss B I sy I 555
RRRRRRRK] ! XXX ! ERRXRRRRRRRKR ! \RXRRXXY ! R0EILLRLXKKS | SRS | AKX |
KX X XXX XX | R XXX XS | DS o X X X X X XX | X | R o X X X X X X X XX X X | KX X | RO |
; | ; | ; ; ; | ; | ; T ; | 7 | ; |
| | | | | | | | | | | | | | | | | |
I . . | . . . | . | . I | \ . . |
O %% %% %% > L% %% o RRRSSRK 0% %% %% % % e e e e e %% I %% %% %% o RS ISIRSS [ 2%%%%% VA WV 5% % vt I K 255K
ALO TR T & | | I SR
XXX IR RRRLRIKRXILLRRLN ! ! o ! ! S R RS R RSERES
; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | | | | |
| I | \ | | | | | | | | | I | | | . | |
R IRRRRRS KRR RO SNy RRRRRRRS I osereses RIS KRR S s s aseese)
ADD s RDa R CDa R s CDb R LD s RD Il CDd s BB IRIIIIIE.
Patotesetetotetetets R R RRRRERRREIIEIEEEN JRRIIEIIEN R R RS IREIEEEIEEN RSN hR R RRESEERKS
? T 7 T T T T T ; T ¥ ¥ ; ? ? T T T T T ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DOM | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
T | | | | | | | |
o Hi-Z i i | ‘ ‘ | |
“ -

DQ

! ! ! ! ! ! !

Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D
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Random Column Write (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 | T15 T16 T17 T18 T19 | T20 T21

| | | | | | | | | | | | | | | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
CKE P H | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | . . . | | . . . | | . . | . ;
| | T T T | | T T T | | T T | T |
/ CS I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | |
| | | | | | | | | |
| | | | | T | | | | | T | |
| | | | | | | | | | | | | |
. , . . . . . . . ) . . . |
e N0ty A T T T T TTTTT TN RRRIIIIITIITIR T
KRR LRI | I RIRRIILLICRIILLIIIIILLRRN ORISR % o 1 RGRERRRIIIIKS
bototsteret IS ots et tatatetototetete! , RRRKRS KRRREIIIIRIIELIIIKKN 0IIIRKKKKY %5 s esesasatotetoteteses
CRRRRRKRS LKL ! R IIILLLLRLRIRKR ! ! KSR RRRLILRICRCRRRIIIIES S0 ! OKERIIRLLLER
LSS0, 0.0.9. SIS IS I III IS | OS9G 9909980999, 0.99. 8,093 | | VOSSO 99009 .9 0:0.0.9:9:%% QL I NQLLLLLLLL
; T ; ; | ; ; 7 | T | T ; ; T T ; ; | ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | I | I I . | | | | . | | | | | I I | I |
T ! [RTTIIIIIILTTIIZIZTTLTIN ! RITITZN ! T T ! BRI
ons T B s N v N s A ‘ T
3R] ! ! 0RRRIIELIRIIILRRIIXLRAN | REXXRRKIN R ' ' , ERRRIIXLIKK
S ID. 0099 | ! SIS IS IS0 I.09.9.9.9.9.9.9.9.9.9.9.9, ! OISO 0.9.9.9.3, ! PSSO S 0G0 09.9.9, ! ! ! WSSO I9.0.9.9.9,
| | |
| | | | | | | | | | |
. | | | | . . . | . |
L PRI T i TS
I I KRS I ot tetetetetete%0e%
WE ‘ s .
| | RERKRS | LRSS
T Y | Y ; T ? i
| | | | | | |
| | | | | | !
R RRIIRIX L
A13 | CRRIBIIRIIRK |
sy
| oSeteletetetetototototete’ !
| |
| |
IR 1 D IRIRRILLZZILIS T T T R RIRIRRILL I | IR |
KRR RERESIIIK S IIIRRRLREIGKS Y IRRRRRKIIIL,
Al2 [ Sototerosstosototototototetetots AN KRR RLRLRLRRRRRIIIIIE ! ! ! RIIIIILLLLLLLLLKS 1 KRR 1
LRI ! R ERRRIIIILIILELLLY ! ! ! RIIIIILLLLLKS ! RS !
| RRERRRRRRRER | e2e2e2etetetetet ettt tetetetotote et Reter | | | toleledetetetetotototolotele’ | dolololeleledetetetetete’ |
| | T | | | | |
| | | | | | |
. | | | | . |
TSI ST | | | TSI, | TS ST | OO OO ey
A10 5 e N ! LRSI ! XS Y e etetet
o RSN ! ! ! {IRLRLLLLKKK ! KRR ! SRR
’ SOOI IS990, ! ! ! SIII99.9.9.9.9.9.9, ! NCRRXKL ! 9
; ; ; ; ; ? ;
| | | | |
| | | | |
TRIIIIRY R s ¢ %
ADD A roa s s R R
% RORLRLLLLRRRRRRKIIIN PIKS Ieossrrsstesstatetatotetolets oS! JRRRRRRIIIIIIES
& QXXX SIS 9.9.9.9.4 PO D IS990 9.9.9.9.9.4 SIS SIS 0.99.9.9
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
DQM L I I I I I I I I I I
| | | | | | | | | |
T T T T T T T T T T
| | | | | | | | | |
| | | | | | | | | |

T ? T T f T T
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13.14 Random Row Read (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T13 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
CKE S H : : : : : : : : : : : : : : : : : : : : :
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . | . . . . . | . | | . | . . . . . | . .
T | T | T T T T T | T | | T | T T T T T | T T
/ C S I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| T | T | | | | | T | T T | T | | | | | T | |
| | | | | | | | | | | | | | | | | | | | | | |
. | | . . . . . . | . . | . | . . . . . . . |
! OOy I VOO OGO IPN IO O PO PIIIIIOOOPOPON, ! T ! ! R R T I 1 IR RN
! R 1 R RN ! ! ! LR RIS 1 RIS
IRAS ! CRRILRK ! KRR RN ! ! ! ! R RIRLIIRLLRIIRKK] ! KEERRRIRLLKS
R | 2020202020202 202020 e e o o o 2o 20 0 20te 202020202 e e et T o o oot etete | L R | RRRRRARRK
" ; * | : ; " ¢ ¥ ; ; | ; ; ; ¥ ; : ; ; | ¢ '
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | I | | | | | |
T i s O e o i ) O T T T 0 i T
KSQEERK XA %% XSGR KRS REEEKEKKKKS K OSKEKKAT CSSGERRK KKK KRGS EE KK EEEEEKEEK LK KN K XK KKK K8K5K
ICAS RN | LRSI : I I s N
Roteole%e02e! NI Joto%ole%et toteletetotoletets! RO | ! | RS i 2000l le200 0 2020 0 o200 0 e e 20 0 ot e 20 0 o e 2u 0 ot e 0 0 ot 0t NRRINIY 200202320 0202054244
| | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
j < j ' CKRRRRK RPSEGRERAKIKIKHKHXHKIRRRAKAIAXA REHKRAKHX KKK RIRRIKHKAX KKK KRGZEIKIKHK KKK
IWE | | | % | X o::0:::0:::::0:0:0‘0:0::’0’0‘0‘0’0‘0”":’:‘o’ | % X
i i T o%%6%% % %% i 0000200002260 %6209 22690 %% %% 00000202 %902 20%0%0 %9432 %% %" [ %% %%0% % %% %
| | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | | |
KIRIXIK | R 1 KRR IR IRIAIIIIIIIE i i I RIKIRIRIKIIIIIZE 1 RRIZIRIK:
A13 i I I e | | B
AAAAAAA i a2 %%6%%, i R KKK i 20%0%%%* i i ' i 00200000 a0 e e e e 202 26000 2 0009020 %0 262620 %6 %230 % %% i P0%0%6%6%0% % %% %
| | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | . . . . , , . . . . .
KKK KRXKXKHY | | A SSEEE RS XK EE KKK KK KKK KKK | PRSREREKN | 1 1 4 |
Al2 Srsesetos e sesete! A RIS ILRILRIKILLIKILN I oastetetstod I I RRXXRRKS I R0 IR | RSEERIILLRREE
ootedodedetetete! R308RI IIIIIIIIIIIRILRKIRIIN XRXXXKN osososssetese’ 2 E00IIRR R RIS R9RIIXKRSS
RN i i KR RIIKILIIKE i SRR i i KRR i AR ORI KILRRLKY i \IEERRRLL
XXX XXX XX | | DO LL O 0.9.9.0.0.0.0. 009 0.00.9.9.0.0.0.0.0.0.0.0.9.9.0.9.9.9.9.9. | XXX | | RIS | SO D000.0.0.0. 000000900000 0.00.0.0.9.0.0.9.0.9.9 | NGOG G0.0.0.8
T | T | 7 T T ; T T | T | T | T | 7 T T | T |
| | | | | | | | | | | | | | | | | | | | | | |
. . , | . . . . . . . | | . . , . . . | . ,
R LIZTZ i B T RRRIT, i i R T TITI i LTS
ALD S e NI ‘ ‘ s W
| | | \
KXY YoteteSetetetet) R R R RS . . Sotetete ot etetetetetote ettt te e e 0 e o o) LR
" T ; T T T T " ¥ T ; T T T T ; ; ; T T T ; !
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | i | | | i | | | | | |
DI 7 TR0 B TS0 ST LTSI LTTXL RIS R IR KRR IR RITTLTTXTILTXXTIZZLRLZTL Lo R RERRRIIR
ADD  EE55555K . CDa B st RBa Bl CBa X RDb R s sssssnnaossd CDb RS
(9000 000 0000008 00006 %%% 700000200000 00 00000 0 000 2000 20 000 0e 000000020 20 00 20 0ot 0000 00 000 %% 76%6%%0 %% %% 0000000 200000000040 X SRR KRGS EEERELGEREK KRR KRN K XK KERRKKKKKR
; ; ; ; Y ; ? ; T ; ; ¥ ; ? T ; ; |
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
DQM | | | | | | | | | | | |
. . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; d
| | | | | | | | | | | |
| | | | | | | | | | | |
|

(QDalXQDaZXQDaSXQDa4XQDa5XQDaBXQDa7XQDaSXQBalXQBaZXQBa3XQBa4XQBa5XQBa6XQBa7XQBa8>— .-
f } f } f f

DQ

C
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Command Command Command Command Command Command
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Random Row Read (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 | T13 T4 | T15 | Ti6 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i i i i i i |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE PoH ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | |
T | T T | T T T T | T T | T | T T | T T | T |
/ CS | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| T | | T | | | | T | | T | T | | T | | T | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | |
PO, | R 1 e RRRRRRKTLZLIL LT | R T LD | T | R RIRRRRRKLL |
SERRLERSY I L5SILLLLRRIIIIKS 1 K RRLLLLIIRIIIIRLLLLIIIIIIIRLKN I JRRRRIIILILLLRRKS 1 orsressestete I SIRRLLIIILLN I R RRIRILLRLRRR] I
JRAS  XRRKEEON 1 RIS S 0IIIIIIIIIRKIIIKKIN EERKESIIRKIKS | ROCRRIRRKN 1 SIRXLIIIIXKIEIN 1 RRRIESEIIIIIKKKY |
RN KRR | \eletetetetetetotelototololel ettt tetee e te e e e o 0 ote Rototoleletetetetee’ | . I oSt 20202024 20 202002020
¥ T ; T | T ' ¥ T T T T | ¥ T T
| | | | | | | | | | | | | | | |
| | | | | | | | I | | | | | | |
O | TN, ST | / ; ;
R | R T R | T \

/CAS ' RRILRRIIKKILLLKN 1 I EIILLLK] ' S sesesatatetotototetetetess, ' LLLLKKKS 1 ' '
| ofefeteteteletetete2e e e e te NI detetototololotetetetetetetetetetetetetototototet | ‘atetototolotetetetetetetete et WRIND Sotototototete! | | |
| | | | |

| | | | | | | | | | | | | | | | | | | | | | |
I | | | | | I | . | | | | I | . | | | | \ |
0% % % % e %% 1% %% %! 0% % %% %% %% %% A '+ % % %% % %0 20 2 2 Y 2 0 0l Y Y Y e e e ! 020 % %% % % e %% V%% % %% % % % Y Y e e % % XOCSRN ! %% % % %% % 2 Y % %Y %Y 0% %0 % %% % %% %% %0 %% B "% % %% % %% !
T IR | O IIIIIINI | KRR T RN | RIS | |
O otootateteteteteterey O e S S e e e atatetotetotetotey RIS Potototststored e to o tetotetetetetoteress! S RRRRRS

E ! s resesesesesesese A e o s sasasasatatstotetotoss’ ! OREIIIRRRRKKS ! RRRXXRKN 1 LRRRRRRRILLLIISS ! R<RIRRRRRRILKKS ! !
| RS | e ettt teess? | ettty | o e oot NI 2stosststetotstatetatotesotey | ] | |

| | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | |
sy A RRSERRRIBIRIIEEKS ! R ERSIIRIIRIIIELIIIILRIRKKKS ! JERRRILRRRLZLIKN ! ! RIS ! KSRRRIIBEIREKS ! RIKXIHEN !

Al3 BT il 1 RS Y sscssssstatsseansisss N I o0 ossssstststearasasss AR vesisisisisssiososssesososssy AN oo0sosss0sos oo N

KRS ! doteteteletoletetetetetete i | otetete et tetete2e2e 202000 0 o o o o o ot et e e e e e . SRR . ols i  Eototolotototetetetetetete’, | Cofotetetetetotoletetetotoly | otoletetetele. NI
| | | | | i i | | | | T | | | | | | T | | | |
| | | | | | | | | | | | | | | | | | | | | | |
I | | | | I I I | | I I | I | | | | I I | I |

LA ! BRI ! B R R RTL LT LT ! R RRRRZILN ! IR ! fTRRRZZRLZLZLZZLIN ! [RTRRRRZRRLLIZIN ! O, !

AL2 SOEEN 1 RISSSEEEIN | ESSEBBLISSELEESESESSISIISIIIIN | JSISSEEEEEEEEN 1 SN LEEEESEIIIN 1 SIIISEEEEEEN | S8 |

RRXXXRXXEN | JRXXLLIISKEIIIIRRN | JoSRREIIRRIXRXIIHILIIIIIRRN | oot toresess, | LRRRIIIIN | K RRIIIRIIILLRNIKN L RRRRRRRIESEN | JXXEXRRRK |
; ; ; f ; ; ? T ; ; ; ; ; ; ; ; f ; ; ? ; ? |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . | . . I . . . . | . | . . . . . | . |

IR OO O T IIIIIN i oo 3 [RRRRRRLLZLZZZZN i 3 i R TZTTIITN T RRRELILLLTT i i

A10 SEIZRRLREIN KRREZRRRLIZICRRN | S JRREIRIRRIIIRRIEN | | RN RRRRZRERIZZRRN | |

sss) RESSRRA, | I | R I | ‘

tetetetetotetete’ \e2e2etetetetetetetetotototete, X tofolefeteletetete2e e e tete0%e) LRI KOSRRRRRRRREEN
¥ T ; T T ; ' ¥ T T T T T T 7 T T ; T ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | . | | | | . I | | | | | , I | | | | | , |

R RRRRRRT RIS R R R RRRLLLY R RRRRRRRRRT OO OO OO O AN NI IO R RLLLLRT] R RRRIILS

ADD SRRRKKKY s sasasasesatetote? S0 HIKRIIIIKI s sasesesatatotetols’ BRI RIIIIIIIIIIKRIIKKY BRI PS0RRKLKS

R RBa Rt d SRR B R Rt R By

KRR R X XX X X X XXX XXX X XN XX XXX X XA H XXX XX XX X XX XXX XXX XXX XXX /26%6%%%26% %% %% 2% 20 %20 R X X X X X X X X X X X X X XX O X XXX X XXX XX X) L X X X X XX XXX X X XXX £02020%6%0262626 %% 2022
; ? ? ; f ; ; ; ; ? ; f ; ; ? ; ; f ; ; '

| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
T T T T |
| | | | |
| | | | |

DQM

DQ  ----

t t f f ! f ! i
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Command Command Command Command Command Command Command Command
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13.15 Random Row Write (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T14 | T15 | T16 T17 T8 | T19 | T20 | T21

| | | | | | | | | | | | |
I I I I I I I I I I I I I
| | | | | | | | | | | | |
T T T T T T T T T T T T T
CKE CH I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I I I
. | . | . . . . . . . . .
T I T I T T T T T T T T T
/C S I I I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I
I T I T I I I I I T T T T I I I I T
I I I I I I I I I I I I I I I I I I
I I . . | I . . . I I . I I . . I I . .
TR i T i S A i i T LRI
XERRRRRRN RRERRRRY R R IR IIIIIRIRXK LR R R R R RRRRKS RS,
SIRKEN ! KRS ! B O e oot a s e ot state e tetatatoteres ! KK ! ! ! B IIIIRIIILIKEL ] ! LRILLKKILL
RAS £ ! JRRRRILLXS ! I RIIILRRIIKLLILLRK, ! LREXRRRKS ! ! ! R RIS ! FEEIRRAILLRRIR
ot etotetetetete) R ' IR [RRRRLLS ' . . B KLY ' KRR
I I ] ] I
I I I I I
I I | | I
RRRIIKIKS | | SRIRRRRLLLILS | | 35 R ORSSIEIIRRRRIRKIIKS | RRRRRRRR,
ICAS KRR I I GRSIILRIKII: I I RSKIRAILLIILRR I REERREIRRNS
RS ! ! ofedeteteteletototete ! ! sfetototetetetototetetotetetotototetet ! N
I I
I I I I I
| I | | | I I | I
T i T T T TR TP PP OO0 M I VPP i [ v:9.9.9.9.9.9: SEEN I V0900 R R TR i
I I DI IIILLIRIERKILLKKE IR I I I IR LIRS, I
S e e s st rerorstototototote’ 'S KK KRRRRIIEILRLRRRRCRRKS
IWE ! ! L RIS ! ! ! KLY ! KIS !
' o%e%%e% %% ! 200020262056 26%0 2202262762202 2426269626 %626%6 2% 25620256256 %%e%? ' ! ! ' 0005620262626 2% 256276 %%6 %54 %26 %24 % %% !
I I f T T I 7 f f Y T
I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I
I I I I I
K OSOSXSASN a0 00 0 0 0 0 9 9 9 9292999,
Al13 ISR | | SRR | \RXRRSS | | SIIKIEKIKKE) |
SRXXRRXREN | 1 OGRS 1 XXX 1 1 1 RCRIRIEIISS 1
poleteoleleloleleto NI L R RN ! KRR ! . . 20tolelutoleololetote :
] ] ] ] ] ] | ] ] I ] I ] | ] ] ] ] ] ]
I I I I I I I I I I I I I I I I I I I I
I | . . , ; . . . . | | |
’.";’;"""“ I I 2 K 2 I KR I I "Q‘Q‘"’;"‘ I ’0";"0";"Q‘0‘0"";"""Q‘Q"‘Q‘.""";"""Q“ I I ’00"'0;0"'030"""
CRRIIKLK S KRR ERRIIIL R IRIILIRILERIIILN R RRIILLRL
AL2 S | X 3 I oo sssssss 2 | SN RSB IIISZEISKIIN | I s
9202002020202 0% | KXXRKKY | . N R EEERRERLILLLILLLLLLIEIIKN | ! CIIRRRLLIL
] ] ] ] ] ] ] ] ] I ] I ] ] ] ] ] ] ] ] I ] |
I I I I I I I I I I I I I I I I I I I I I I I
. . I | | : . . . . I I : . . . | , I I . |
2 ! R RN 2 ! ! [TRIITR O SOOI ISP POOPOO OO, ! ! TR
AL0 s | S RS RN | R s VRV s W R s
<X ! R RIS ! ! RRRRKKS KR IIIRKKIIILIIIRKKIIIEIEN ! Y oot asasaiotolt
202020 X . R R R R R RIS 2ot . . LRI R RREREELLELLLLLLLLILIIIN, | | LRI,
] T T T ] X ] ] T T ] T T ] T T ] ] ] T T T |
I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
IR R R R R R R R R R R RS R R BRI ELRRS
ADD  E555558 Al R S s ssssrssrasasssssd RDa B ssssssssaail RAD R R sssssssssssst CAb JEREEREIIRs
RXXXN B R RIIIIRRIKEIIIN RRRRRRR RN JEERRRRRRRRIIIEEELK
T f Y ? ? T T ¢ T X ? T T ] f Y T 7 7 ]
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] |
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I

DQM L

DQ Ll |-|-i-Z- i -(DAalXDAaZXDAa3XDAa4XDAaSXDAaGXDAa7XDAa8XDDalXDDaZXDDa3XDDa4XDDaSXDDaGXDDa7XDDa8XDAleDAb2XDAb3X:
f ! f ! ! f

Activate Write Activate Write Activate Write
Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A
Precharge Precharge
Command Command
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21
CLK
T\

I
T

2030,
2R
3R]
-
]
doot
29095954
Soete
QK]
3]
5]
&L~
QK]
2%
S
&
<
5
85
e b __
555
RSO
KX
S
R
XX
podetedt
XK
2]
5]
3R]
ook
<]
2]

5 5 5 5 5 |
| | | | | |
| | i . . | | . . | | . |
LR ! NN T NI T N ! R RS T !
RAS e | iRl | Nt ‘ R N 5 N,
QRLRELRIIKY . fRLRIRILRLKELKLKS i KRR i SXRBIIIN | LSRRI i RN
; | ¥ ; ? ; | * ; ; ; | !
| | | | | | | | | | |
) | ) ) ) ) | ) ) | |
i R R R R RRRRRD i i N
ICAS 1 NI ‘ ‘ ‘
RSIRIXRIILNIKS ! ! ! !
! Yootetete e et et e %0 %%} ! ! ! !
i i i i i | i |
| ) ) ) ) ) | |
| | |
| | 2 .0.0.0.0.0 | | 25 0‘0.0.0.0‘ 0o .0. | |
090000056 %6%%% 0000000 %0 %0000 9: %%
E ! ! o% 000000 20 0000 0 00 0. 0% % ! ! RCXSEEEEEEEREK K ! !
w | R o8 o2oleeolodetutodetutoletetotodetotodetetotetototedetote’ | | odedololedetoletetolodetetolot N !
| | |
i i i i i i i i i i i i i i i i i i i i i
| i | | i | | | | | i | | i | | i | i
X QEAEKKKX) ! R REEE LXK LKL K KX ! 7 ! RS KEGEEAEKLE X XY ! RS KKKIKEIK KKK K XX XY ! 00000008 |
I NI i NI e 5 G | 5533 A A
CIRHXRLXAXN | POXXXRIXRIXIKIKIIN 1 RS | ! | RISIKZIEN 1 QIRIRRAXN | QRRIEIRIXN | EXRAXX] |
i i i
| | | i | | | i i | i | | | | | | | | i i
i i i i i i i i i i i i i i i i i i i i i i i
TTRRRRIRD i SRR RN i TRRIRRRITRIRTIE IR XXX RO RERRIRRIRRRIRKY % 1 X i ORISR i %
AL2 SR ARSI 1 ksl 1 \asssssesss] ! ! 3 ! s !
$ORXX i RIIRIRXRIAXXINXDON 1 0 XXX I KSR RNXRXHAL] I i 1 JRXXIXRRIIXXXRRN 1 I
| | |
| T T i T | | i , | i i | i T i . T i | T T |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | |
KX IKRIIKIKIHK KK XN 1 KRR IR XXM IR I XX S IHK ITOSOTOTOTO, 1 KX KKK XA 1 TOOTOTITIITITITIOTOO, LK IEARIIRKII KRR X XN 1 KX KKREXRA 1
Al0 L R O 1 R e SRR ESIIIXIIKIIIN 1 I8N RN EEIBBEEEEIIIEEN 1 RIIXZN 1
| R e RESELLXIIN | JEEEEEN RS REEELRSELLLEN | e
SOOI, L8R KIRKAKREIKRIIIKIIKHKAIIAI IR IKAIKIAIK XK X fRCGCRIKIRKARIXKK /s ¢ X RIRIIIRKIIIAR R A HXIKHKAK KKK KA K T TSI ITITOTITITITTOTON RKIRHLIKRKIRKK
ADD R s R BRI ITIIIN R, ERR305%
RRIRRIIKRSY RSRRIERIIRIIIRRIIRRISLRILLRLK] RRRIXRIIILRIKRS RIS RIS RKIRRIEILRE
XXX XXX XXX RS X XX X X X XX X X X XXX XXX XXX XXX XXX XY NS X XXX X XXX X XX R X X o X X X X X X X X X XX X X X X X XX X XXX XX RS X XX XXX XXX XXX S XXX XXX XXX
) ; : ’ ; ; ; ) ; ; ; Y ; ; ; ; ; ; ; ; ; ; :
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM L L | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
" " " " " " " " " " " " " " " " " " " " " " |
| | | | | | | | | | | | | | | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
- | | |
» Hi-Z i

DQ immmmbe s md e,

T

Activate
Command
for Bank A

S P (DAalXDAaZXDAa3XDAa4XDAa5XDAaGXDAa7XDAa8XDDalXDDaZXDDaSXDDa4XDDaSXDDa6XDDa7XDDaSXDAleDAb2
T T T T T T T

Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command
for Bank A for Bank D for Bank D for Bank A for Bank A for Bank A for Bank D

AN
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13.16 Read and Write (1/2) (Burst Length = 4, /CAS Latency = 2)

‘TO‘Tl‘TZ‘TS‘T4‘T5‘TG‘T7‘T8‘TQ‘TlO‘Tll‘TlZ‘TlS‘Tl4‘T15‘T16

‘ T17 ‘ T18

‘ T19 ‘ T20 ‘ T21 ‘

Word Masking

| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
CKE | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| . . . . . . | . . . | . . . . . . . .
| / | | | | | | | | | | | | | | | | | | |
/CS i i i i i i PN i Ay i i i i i i i
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
T | | | | | | T | | | T | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
. . . . . . . . | , . . . . . . . . . |
T R R R R T R 1 R R R R,
R R IR KRS R R O IRLLLK,
K N K R R I IRIIIIKS K R R e I RIISEIKKKK,
| '»*3‘333333333.:.3.‘33333333.:.‘3.:.3333.3333333.‘3333333«' | ..“:“““.....“’:0:0:0: / | w‘:"‘::0:0:0:0:0:0:0:0:;0:0:0:0:0:0:0:0:oz;;;;;;;;:;;;0:0:0:0:0:0:;0:0:0:;;0:0:0:0:0:0:0’0‘0
| R R RREELEKKEY | 2020l | de2elelelelolo o 0 totutetete e e e e 0 s 0 0 0 Rotute e e e e et R oo o tatutate e e e et o o Re e e te e 02
| ; ; ; ; ; ; | ; | ; : ; ; ; ; ¢
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| ST | ST | TS,
ICAS B s W 503 s N S S ST
L LR R R R R REIERRKKIIIXXN ) eSS asasatosetess, ) e e asasasototosesesss
R R 1 R ! R R R R
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
' OSSOSO 0%% % %% %% %001 APPSR
WE ‘ I s
! O RRRIIIIIIILRLLRKY ! K0 I RRIIIIIIIIIRLLIRIRIIIS
! 0a%a%0%% X < 0a%a %% %, KKK ! 0% 0% %% %% %% 0% %% %% %% $09090%% %% % %% $a%a% (9a%%%
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| RS I e oot oo s oo o e oo o T e o cerorore e e o o e oo e e e e e e TS e T <
o% SIS LSOO 0% % % % % 2 % a0 0 0 00, XSSOSR SIS %%
O A O OIS S S I T TITITIR R S RS
A13 | s BRI | s
| RIS | oo otetetatotetesetatototetetatototetesatotos | Rt tetotetotetetatetete! SRR
i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | |
| | |
2%% %9999, 4% %00 %29.92929 9 9.9 999,929 9929991 02009 020 929 9 9 9 9 9.9 9.9.9.9.9 9.1 a0 9 99 0929999 -9.9.9 99 9.9.9.9.9.9. 0202 %% 0.9.9.9-9-9-9. 190 % 00009 90 9.9 9 9 9.9.9.9-9.9.9.929.4 XSS 09202 % %% 9.9.9-92
Al2 QRISELLIKL i S5 RRIERIIRERIERIELRLILLLIKLK R 1 B RSSERRRERRIERRIEERIEKLN i R RRRERRIRIIERIIEERLILERIILRLIKLLS QR
XK 0 IR IRIRIIIIIIIIILRIILRIKK 00RLLLLIRIIIIIRLLLKK O R RIIIIIRILLRLIRRIIIIAIS
RN . rgototolooototetetedetetododolototootetetetetedededotolotototototets . ' Doetetededeleledololodolootetotetetes . oR00200002020 2ttt o tototo o etete ettt totototototeesetetete oo doloto ototetets
T T T T T 7 ! T T 7 T T T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
TTTRZRR ! R R RN ! R RRRRRRIZLT ! LR R R LR,
AL0  EEEEEE B NI s N
NN, | R IR LIIEIIIIILLLN | B RIIIIIIILLLLRY | J R S SIS,
i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | |
R B R R R, OO O OO TITITITITITION R R R R R IR,
ADD RRILLK RIS S0ERRILRRILLRRILLRRLN L IR
KKK O IIIRILRKIEKK, SR, £ R IRIIRKIRIIIKIKKKS
KEREIEY ARSI, 5L R IR
RS R e L Potetetetet R R R R
| | | T T i i | i | | | | | T T T
; | | |
Write Latency = 0 | | i
| |
DQM L | |
| |
. .
;
|
|

Hi-Z

f f f

. <
DQ -----‘-------‘-------‘-------‘--------‘-----(QAalXQAaZXQAaSXQAa4>--‘---(DAleDAbZX XDAb4>-----------‘-----(QAchQAcz)ﬁ-----(QAc4>-

f

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A

Hi-Z at the end of wrap function 0-Clock Latency

2-Clock Latency

AN
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 Ti0 | T11 T12 | Ti3 T14 | T15 | T16 T17 T8 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T 1
I I I I I I I I I I I I I I I I I I I I I I I
CKE poH o ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I | . . . . . . . | . . . | . . . . . .
I | | I | | | | | | | I | | | I | | | | | |
ICS I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
] I I ] I I I I I I I ] I I I ] I I I I I I
I I I I I I I I I I I I I I I I I I I I I I
: I . . . . . . . | | , . , : . . . . . . . I
L i G : :
SRR RIS KRR R IRIREIK S R IR KR RIS
IRAS R | R | R R R 1 R SRR
SN LRI I Cototetetetetetetetettototo 0 0 0 o 0 tetete e e 20 e e e et o o e o Ro oo o atetetute e e e e et et 0t I | Setetetetotelotototetetetetete e et et I 0202020202020 e e et Tt o o o 00 0 tutetete e e e e e et TRt oo oo o tete et
] T ] ] I ] ] ] ] ] ' ] I ] ] ] I ] ] ] ] ] ]
I I I I I I I I I I I I I I I I I I I I I I I
| | | | I | | | | | | | I | | | I | | | | | |
TR R RRTZRN ! OO O OO OO OO OISO IO III OISO IO OTIZIIL ! R R R TRRTIA ! OO OO O OO O OO O IO IO IIIIY
JCAS KXY 1 RSN S R R R R 1 R R I 1 B R R R IIIKKK
30RXKA i Sotetoteloteteteteteetete%ete, i Sotetetetotetototetetete e %% B oot et tete et tetetetetetetetetetotetotetotetotetototetetetetete: i 202030205020 %0 20 S0 %0 %0t S0t e tetedeteSetetete. i Sodeetetetetetetetetetetetotototototetototototetotetotetetetetetotetotetotototototetes
e I T T T T T T T T T T T T T U T T T T T T 1
I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | I | | | | | | | | | |
0% % %% %0 %% 2% 0.9 9 0. 0% % %% %% XSSOSR ! X SSSSSESNIAT %% % 0% %% % %% 0% % %% %% 2% %% 0% % %% %20 a0 9 9 9 9.9.%
| | R IRRIILLRIIKLRIIILLRIIILLRIL i SRR I KRR,
IWE I RRRXKY I 0 S R R R SRR RIIIIRIRILIELIIEIKN I RRKRRRHS I \XXXXKK O RISIIIRRRIRIIEESSS
| 2R | 2RRIRRRILLRRILLRRLRRIELLLRIILRRIILLRIILLIKILRIKILLIRKLN | RRERRRLRKS | LRI
I I I
I I I
I I I
! %% ! T e e e T % e e, ! %% R R RS
A13 R s N e NI - S
i 503050 i s asatotetotetesesss i R R IIIIIRKKKIIIIIIKRKK,
®: XX 0000 0002020207 0°07070°0% X e
j j j j j j j j j j j j j j j j j j j j j j )
I I I I I I I I I I I I I I I I I I I I I I I
I I I I
TR L RRITIRRIIIE LR BRI R R R R RTRIITR | R R IR | R R R R IR RS
Al2 oo sotetotede? i SLIKIEN i / QRSRIIRIELIELLRILEILKRLKLK, RIERIIKRRIKEK, I 02050220200 QRIERIERLIEN, I R RRRIRIIRILILIERIKELLIEELL &
XXX i ERRRXIEIIIIKKN i R IIIRIRKIIIIIIIIKKK oS rssesasasatotetotes i f3RKKIIIIIIIRIIKKIN i 3R R RIIIIIRKKKEILIIS
06%%0%0%%%% % NI %" QRKKEKKKN 0002620026229 % %% % %% R QRRRREKKKLKKEA R RIS 96%6%0% R R R IR
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] T ] ] ] ] ] ] |
I I I I I I I I I I I I I I I I I I I I I I I
| | | | I | | | | | | | I | | | I | | | | | |
TRTRRRRR) SOOI ! o I ST I
SRR fRRRLRRIIRRRIN | 255 R RIS I R RRRIKILRIIILR I f R RIIILRIEIRLL
ALD  SEEEEEEN e NI s W I R SRR R
R ‘efetetetetotolototetetetee e N 0202020020 o o et eletetu 20200 0 o ottt e e 00 0 0 Do ottt e e e 0 0 0 o oo ot e e 20 0 0 0 ot o ot NERMINNY oo %o oo 20200 o o o o ol ot te 20200 0o o o NI o o o ol ote2e2e 200 0 o ottt te2e2e 2020 0 o o ol oottt te e 0 o o o ol tetetele
| | | |
I I I I
TTRTIZRA R ERRTLRN OO OO OISO IO OIII NI TIII NI TIIII NI B R R R IRR
ADD Doteteteteteletets. FRSERILIKERIKIKEN LRI ARIIERLIIRIKRLIKLIKLLLN 2020203000020 %0 te %o tetetetetetotetotetetete,
ogosasetedetetete! Sogososereetotetetetetetesess’ RS R LLIRIRIIIKY R ILLLIRIIIIII
KL ‘otetetetetotete e 00 te %% e 0020t e 00 te et e e tete e e tetete e oo te e et toe e %! RS Fetetetetedetetete! PateSetototey’
j
I
I
I
DQM L ‘
I
.
T

Write Latency = 0

Word Masking '

DO -------|-”-_-Z-----------------------‘--------‘------------(QAalXQAaZXQAa3XQAa4>- ---{DAb1Y DAD2X * XDA‘b4>---
T T T T

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency

AN

€9T8CTISY T¥88¢TSY 'Tv¥8¢TSyAdn




199yS eleq Areuiwiaid

€9

13.17 Interleaved Column Read Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)

‘TO‘Tl‘TZ‘T3‘T4‘T5‘TG‘T7‘T8‘T9‘T10‘T11‘T12‘T13‘

T14 ‘ T15 ‘

T18 ‘ T19 ‘

AN

| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | | | |
CKE e o |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | |
| | | | | | | | | | | | | | | | | |
/CS | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | |
| T | T | T | T | T | T | T T T | |
| | | | | | | | | | | | | | | | | |
. | . . . | . . . . . . . . . | . .
ITOTOTITITT, ! T SRR ' T R T T T ' X
IRAS : T : I s A v A o A sy LA
I X 2 I Le%626%6%0% I SRR I Pe%ete%2e%", I I 265020202626 20%6 2025626262262 0 %%
| ; | : | ; | ; | | T
| | | | | | | | | | | |
| | | | | | | | | | | | | | | |
XK RRIX KK KA RN ! RRRY RO ! [N ! AT ! RN ! 7, !
cas BT G\ | AT A A\ B B A/
SRRRRKKKY | doateies | 2020202020505 I R | LXK | JRRIRILKRY | ALK | dedos | |
| ; ; Y | ? ; ; ; Y ; ; ; ; |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
" " " " " " " " | o
KKK RKRKS XX
/WE ' ' ' XSRS ' ' deSodetototeds? i o i i i
| | | KKK ! ! KXXRRAK ! RRRRHS ! o ! !
! ! ! QXXX ! | RO | XXX XS | | |
| | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
RRORRRRN i LR i LR i A i
A 1 3 0’0‘0’0‘0’0.0‘0&_ | 0.0‘ .0‘0‘ | | | | | Q.O‘Q‘O‘Q‘O‘Q‘ | 0‘0.4 | |
SEIIRLLEN | RRKESEN | | | | | RSXRISIN | 3088854 | |
SELLEELEEN 1 oottt ! ! ! ! Fotetetetetede 1 IR ! |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | |
OO [ BRI ] IR 2 TXIZIZI 7
AL2 s 1 ks 1 ke et e oo A e N o A 1
SXNRXRIRXN 1 JRERRILRK i KRR I R I R%5XXXXY I R I KRR I f i I
| | | | |
i | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | |
| | | R\ A g
AL B : : : s NI 2\ : 5
(22022020202 %%,
| T T | | | | | |
| | | | | | | | |
KOS PSSO
ADD S
(XRRXKES) fotorstesetatetoteteset
%a%e%a%a %Y, NS (%a%%
T T T | T | | T
| | | | | | | |
| | | | | | | |
| | | | | | | |
DOM | | | | | | | |
| | | | | | | |
7 7 7 7 7 7 7 7
| | | | | | | |
. . i i . . i i
DQ  --e-- (A1 X Aa2 X Aa3 X Aaa X Da1 X a2 X pb1 X Db2 X Dc1 X b2 X Ab X Ab2 X pd1 X Dd2 X pd3 X Dd4 )-

f f f f ! f

Activate Read Read Read Read Read
Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank D for Bank A

Activate
Command
for bank D

!

Read
Command
for Bank D
Precharge
Command
for Bank A
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Interleaved Column Read Cycle (2/2) (Burst Length = 4, /CAS Latency = 3)

‘TO‘Tl‘TZ‘TS‘T4‘T5‘TG‘T7‘T8‘T9‘TlO‘Tll‘TlZ‘TlS‘Tl4‘T15‘T16‘T17‘TlS‘TlQ‘TZO‘TZl‘

| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | |
CKE CH LT R
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
. | . . | | | | | . . . )
T | T T | | T T | T | T | T T T T |
/CS | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | |
| T | | T T | | T | T | T | T T T | | | |
| | | | | | | | | | | | | | | | | | | | |
. | . . . | . . . . . . . . . . | | . . . |
CRKIRK KK KHKN ' XK IKRKAKIRKIIKIKKAIHK KA ' ' XXX K HXIKHKK KK XK ' KKK K XS ' RSICKIKRX KKK ' R CSICKAKK KK ' KX CKKK KR, ' AT ' XK IKHXAKIRKIRKIKHK KKK IR XX KKK KKK
Y N 2 A N - A A I N N ey
SRRRXXXRIN 1 JRRXRRRRRIIRRKKRK] | | JRRRIIEEEKXKKS] | XXXXS | XRRRXXKS | 355 | (XN Y Solododetstetete NI fRRIRRRRRRIRIRIIIIARKIKRKKK
T T ; ; | T T ; | ; | 7 | ; | ; T T T ; ; ; }
| | | | | | | | | | | | | | | | | | | | | | |
I | I | | | | | | | | I | | | | | | | | | | |
” T | " | ” | ” | | - " - ST
ICAS A IRIRIBIEIEN I | RXRRRRLEIEIIKN i JIXR i 3 I 58 I R ] % i S
opotatatetey ! CRRRIIIIBIIIEN | ! e Sasesesssesstssesstototetets, ! JIRIBBIEN ! ! o ! XK ! 3RS ! 3RRLLLIIKIIIIILLLRK
2025626 %5e%Y, ! Fe%e%e%e% %6 %% 0% e e %% % W ! 7025626220202 %e 0% % 2e % ! o20%6a% %6265, ! ! ot ! oL ! a2 ! 036262620256 26%6%626 %2025 26 %%
; ; T Y T : T ; T Y
| | | | | | | | | | | | | | | | | | | | | | |
| | I | | | | I | | | | | I | | | | | I I | |
T T T T T T I 700000, ! TR ! fRRTTTZRRIIIXRZZTLXLTIZLRTTIRS
IWE ! esssososs A ! S5 ! ! ! I 5300000000 NI 02535000500t I £ e 3930
| IRIRIIRKRKKY | | R | | | | \oERRXRR) ) [N | L IIRIIRIKIIIANKS
1 SIS 0.0.00.9.9.9.9.9, ' ' Q0.9 1 1 1 ! RQEXXXXX ) ! LS00 00.0.9.9. ! KRR UIX XXX XXX XX XX XX XX
| | | | | | | T T ; T * 7 T 1
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
R KIELE RN ' R XK HKRKK KR IKRHKR KRN ! ! OO X ! X GRKER IR KGR KLERIKI KKK RKKLRKKRL
Al3 SRR ! JRRIRILRIIIELKN ! ! RS ! ! KRR
rSoseseseseetetet N LRIRIRIIIXRRIIN | ! 30K ! ! f R RIRIIIIIIIILRLLRIKKIIS
02020202020%%% % WY ‘o422 Sete e e ote 04 e% %% W ! oSototete¥ ! Y o%e%otototetotetetetetete e e e ototototetetetete e e
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | |
RIIRIRR T RTIIRTN IR LR R LLLLDT
AL2 SSXSSEEN 1 JRSIIIEN | DN 1 R ItR00ttnnntosststsss
CRKSESIIIIN 1 RIKEIIRRRKILLIN 1 | ! S B 0RRRIKILIIIESIIIRRRRK
|
| | | T | | | | | | i
| | | | | | | | | | |
| |
SRS, I ! h KRR EEAEEKLIEIELELL,
ALD B ‘ B
RRREEESY ! ! R ORRRIIRKIEIKKS
T 7 T T 7 V 7 i T T |
| | | | | | | | | | |
TR ORI I IO R " TIXIZS R RIIRRITLTS TR
ADD S RAa JEESSSERssissd e L
2IIIRRKN RRRRSIIIRRKXN RRXLIIN 3R R RIS IRRRIRIIXIIIIIIRRKKS
T T T i T T i | | T T T i |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
DQM oL | | | | | | i i | | | | |

Y YmX oa X o YW e ) oo Y oo XA e Y s Y )
! f f f f f

Activate Read Read Read Read Read
Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank D for Bank A
Activate Precharge Precharge
Command Command
Command
for Bank D for Bank D for Bank A
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13.18 Interleaved Column Write Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 Ti0 | T11 T12

T13 T14 | T15 | T16 T17 T18 T19 | T20 T21

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE TR
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . | | . | . | | . | . | | . . i . . ,
T | T | T | T | T | T | T | T | | T T | T T |
| | | | | | | | | | | | | | | | | | | | | | |
les i \_l_/ i ‘ i ‘ i \_l_/ i ‘ i ‘ / i \ ‘ / i \_l_l_/ i i \_l_/ i i i
| | | | | | | | | | | | |
| T | T | T | T | T | T | T | T T | | T | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . . . | . . . . , . . . . . | | . . |
RRIRXN ! R R ! T R T T T T R ! ! RRRRTIRRTLIRRXZR
RA SRRLIIIKEN I oo, I doSotetetotete, I I NSRRI I Netosetetetete?’ I NSRRI I Codeteteteteted I I I FO0RIRELKLEKIIKEIEIL
A | N I v A v A - A v | sy
totetetetetetetes. W tate! ! Satete%e%ss. NI ! RS ! oteteletey ! ‘atete%e%ete! ! RS ! . .
T ; ; | ; : | ; | " | T | ; | ; ; ; ¢ '
| | | | | | | | | | | | | | | | | | | | |
. | | | I | . | | | I | . | | | | | | | |
%% X ! KXY RO SIS ! LT % ! KSR SN ! PSSO ! 2T Y% %% ! T T
RIKKS I I FRIKEKES I RSKILKIRN I LIIKIREN I LRI I R, I LRKIKEN I I I QK IIEKRKKKIKIKKKLKE
Icas g B I N N e N s N - N | I e
RS | b3S | R | RSRXSSEN | RN | XK | LORKKN | RN | | | Satototeseiatototesetatototeses
KX XXX XX L X X X X X X XX X XX
| 7 T Y | ? T 7 T Y T ? T 7 T | |
| | | | | | | | | | | | | | | | | | |
| . . | . | . | . | | | : | | | | . I |
A ! ! [TITITN ! RITITRN ! [TIIZZN ! [TITZZN ! ! FRIIIITZIIIIRRN ! TTTIIITIIILTTIIITS
we By X | . R A AR A | R N s
RRRIKKS ! ! L RRRRRKIK Y oo%seseteteses: i £355KN L RRRRRRRK i i RRRRIRIIESEIN | JRRRRRIIEIIBIIRKRKR
R | . RS Y ololetototesosss LRGN 1 KRN . RSN, RIS
| T T T ; T * T T ; ; T ; " '
| | | | | | | | | | | | | | | |
| | I I I | | I I | I | I I I |
R i PRRRRRRN i B R i B R R R KRR ERRRITRRITRTRS
AL3 RN\ ! NS\ £ N\ g s ssssssss
)\ /
R ! ! \Detotetetetets R ! ! p2etetotetetetitotetetetatote? ! "efetetotetetetetotetetetetatotetetes
T f T ; T ; ;
| | | | | | | | | | | | | | | |
| | I | | | | | | | | | | I I |
T | TSI | STy | | | O OO0 | OIS
IR ! RS KN ! 35 ! ' ' AR stssstetetolototorete NI JRRRRIKIEIIEIIISKS
Al2 %020 % %%, h 200050265 s £RRLHKI QRRRRR h QR h h h RRRRILRIHIERRLRLRL h KORRRRIERRRRLRRKKS
R LI 5K fRRBIIILN R RIRILLLIIIIRKK JRRRKRRLIEIISIKRKRKR
AKX (Y 9a%a%a%% %% A | SOOI, a%$ & LRXKIKKA ! ! ! ! ISSIINNIIINIIIL 0.0 OIS IIIIIIII I,
| | | |
| | | |
IR RS
A10 N posotesetesesel
R
| | | i
| | | |
GRIAIKIK K REGARIAAIKR
ADD S rateteresy KRR
3 SRS
RS KRS
i i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
DQM L | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |

DO AH'za( A;lXA;ZX A;3XA;4X B;\lx B;ZX BL)lX Bl‘:)ZX BL:lX B;:ZX Al‘)lXAl‘oZX BLilX Bc‘12X B;13X B;14 )*aaa

! I f ! ! !

!

Activate Write Activate Write Write Write Write Write Precharge
Command Command Command Command Command Command Command Command Command
for Bank A for Bank A for Bank B for Bank B for Bank B forBank B forBank A for Bank B  for Bank A

Precharge

Command

for Bank B
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Auto Precharge after Read Burst (2/2) (Burst Length = 4, /CAS Latency = 3)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T13 T4 | T15 | T16 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . .
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | | | | | | | | |
CKE A ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | . . . | . . . | . . | . .
| T T | | | T T T | T T T | T T | T T
/CcS | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
I I I I I \\_a__J/ I I I \\__h_J/ I I \\__h_J/ I I
T | | T T | | | T | | | T | | T | |
| | | | | | | | | | | | | | | | | |
. | . . . | . . . , . . . . . . | . . . . .
! % % T ! B IT] O SOOI OO O ooy R RIS ! LR ERRRRLLL] RIS LIIKS
IRAS 3 ! % ! ! JRIIRRRIIIIISG 1 NGRRRRIEESIIRIKRILIIRKKS 1 RRIIRRILLIIIIRRKLLEN ! LRIIRRIRIIII 1 RERRKRKEEIIIRRKLLLSS
KRR | ool | | B RRILRIRRILKKA] | 0IIILLILLRLRIRKRICKKY | RSIIIKKIIIIKXKKIIEN 1 R RIIIKKKKS] i KR RIIIIRIKKER
pfetetetetotolototel W ! Y o%ototototototetetetetetetee! ! Matetetetetetetetetetetetetetetetetotototol i KRXRRREEDEEEIHEEEEEN. 1 RIS ! \ololototototoletototeteteteteteteted
; ; ¢ * | ; ; ; | * ; ? | ; ; ¥ ; ? ; | ; ¥
| | | | | | | | | | | | | | | | | | | | | |
. . I . | . \ \ | . . . | | . . . , | \ .
T % ZTTT T T T T % i R ITTTN i R TS i R ] % (Y 5.9 9999999999999 TR
A o | | L \RRRRRRERRIIN i JR R RIRKRAKEIIIIKKKS i GSIIIIIIILLLLRRLRIIKRKS 1 i
! ! ! KSSIIRSEIIESKEIIAN RS IRSIREIIEIKS IS
! ! ! ROESLBEIBEBLZIILIN | % ! R RS ! !
AAAAAA I L I L S E—— EE — e I S B R - S
| | | | | | | | | | |
\ . I . . . . . . . .
— T T —
RRRIRLIIRRRLLKS RIS
IWE LSRR | | LR |
! COISD0.0.9.9.8 ! ! ! RSUUAUXXXX !
| | | | |
| | | | | | |
. | | . . | .
R TRRTS i i TRRRTIRTS R IIRR. i . % %
AL3 S ‘ I s I < s N I s
s N ) | \XRRRRRSIEELE] | e | RS |
Y T T | | ; ; f T Y ? ; | |
| | | | | | | | | | | | | | | | | | | |
I | | | | | . I | | | I | . |
%% [ v v v T I I T TP P NI P Ve S I VeI SN VSN e
porscasatotetatel} | ogoroasatotetetetete; | | PSesosesssessrassteetototetototetetotetetete! AN | oasotetetetete!
AL2 RN SRR B s R
SESIIEEN | EEIEIEEEN | | IS | | ISIRRRREEEELIIRRKKES
Y ; ; ; ; ; ; ; |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
""" 300 % %% %% XK ! XSRS RSOSSN OSSPSR SRS PSSR R SRIRRIRRERRSRRSE
ALO S ST | s ] S M A
oo s tasatatetateds ootorststotatetetatetel | R RRCRRRRCRRKKKA RS RRLRRICRRIRRRKKKA R IILLILRLRRRRRKRN s orstststetetetotetetey O 0EIIRRRIIIIIIIRKK,
QEREEIEEEN RN, 1 R KRR ] KRR RS IR

KK SRR KRR SIIIIIIKKKY et Iy R30S R XIIIIIIRKRKKS
ADD XXX RAQ JIIIBEIELA CAaX RDa  JRXXIXIXIXIIIIA CDa FIEEZEIXIIXIIIIIIIIIIIL CAD  FREEZIEIRIIIIIIIIIIIIIIIK R JEEEZEXIRIIIIXIXIIKY CDI JREIILLRIRIKK

DQM

ActiT/ate ActiT/ate J J ‘

DQ -

Command Command Read with Activate Read with
for Bank A for Bank D Auto Precharge Command Auto Precharge
Command for Bank D
Read without Read with for Bank A ]%?ggqning
Auto Precharge Auto Precharge
Command Command Auto Precharge Auto Precharge
for Bank A for Bank D Start for Bank D Start for Bank A
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Auto Precharge after Write Burst (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.21 Full Page Read Cycle (1/2) (/CAS Latency = 2)
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Full Page Read Cycle (2/2) (/CAS latency = 3)
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13.22 Full Page Write Cycle (1/2) (/CAS latency = 2)
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13.23 Byte Write Operation (Burst Length = 4, /CAS Latency = 2)
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13.25 Full Page Random Column Read (Burst Length = Full Page, /CAS Latency = 2)
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= Full Page, /CAS Latency = 2)
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6.

13.27 PRE (Precharge) Termination of Burst (1/2) (Burst Length = 8, /CAS Latency = 2)
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14. Package Drawing

54PIN PLASTIC TSOP (Il) (400mil)

54 28
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NOTES ITEM MILLIMETERS
1. Each lead centerline is located within 0.13 mm of A 22.22+0.05
its true position (T.P.) at maximum material condition. B 0.91 MAX.
[ 0.80 (T.P.)
2. Dimension "A" does not include mold fiash, protrusions or gate +0.08
burrs. Mold flash, protrusions or gate burrs shall not exceed D 0.3275'p7
0.15 mm per side. E 0.10+0.05
F 1.120.1
G 1.00
H 11.76x0.20
| 10.16+0.10
J 0.80+0.20
0.025
K 0.145f0.015
L 0.50%0.10
M 0.13
N 0.10
o+7°
P 3ti

S54G5-80-9JF-1
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15. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the pPD45128xxx.

Type of Surface Mount Device

UPD45128xxxG5 : 54-pin Plastic TSOP (I1) (400 mil)
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipateitonce, when it has occurred. Environmental control must
be adequate. When itis dry, humidifier should be used. Itis recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to Vopo or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-ondoesnotnecessarily defineinitial status of MOS device. Production
process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/O settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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[MEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program" for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC’s Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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